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Abstract 
Plant lectins, found in all groups of plant kingdom, are a heterogeneous 
group of proteins with the ability of binding specific sugars reversibl): In 
monocotyledon plants, the first well-studied mannose-binding lectin was isolated 
from the bulb of snowdrop, Galanthus nivalis (GNA). The transgenic tobacco and 
potato plants expressing GNA showed insecticidal activities on sap-sucking insects. 
Plant lectins were also shown to play a protective role against fungal attack and even 
an inhibiting effect on HIV. Recent research on Yu Chu {Polygonatum odoratum) 
suggested that it contains a mannose-binding lectin (POL) with antiviral activity. This 
dimeric protein consists of two 14-kDa subunits and the N-terminal sequence was 
determined. 
We are interested in expressing POL in plants for biotechnological 
applications. RNA was thus isolated from fresh rhizomes of Yu Chu for cloning of the 
POL cDNA sequence via RT-PCR. Sequencing analysis of the lectin clones revealed 
that the POL, like the GNA, is encoded by a family of closely related lectin genes. 
The 5' untranslated region, signal peptide and coding region of lectin clones are 
similar but the 3’ untranslated region shows great variability. Furthermore, the lectin 
clones show a high degree of homology (up to 96%) with Polygonatum multiflorum 
(PMA). The POL expression profile in P. odoratum was studied and this lectin has the 
highest expression level in seed and fruit. 
XV 
Due to the viral inhibitory effect of POL, rice was chosen as bioreactor for 
its expression. Cauliflower mosaic virus 35S (CaMV35S) and Glutelin-1 promoter 
were used for expressing the protein in all parts of plant and endosperm of seed, 
respectively. Moreover, in an attempt to increase the level and accumulation of POL 
in plant, protein sorting sequences were linked at the C-terminal of POL and the POL 
gene was also inserted into the basic subunit of glutelin for fusion protein expression. 
When POL was fused with transmembrane domain and cytoplasmic tail of 
Binding Protein of 80kDa (BP-80), full length proteins (24kDa) were detected by 
western analysis. The same result was observed when the BP-80 cytoplasmic tail (CT) 
is replaced by a-tonoplast intrinsic protein (a-TIP) CT. The fusion protein was stably 
inherited in T1 generation. Furthermore, preliminary localization studies indicated 
that the expressed fusion proteins of both constructs were co-localized with glutelin, 
the main rice storage protein. Surprisingly, when POL was fused with Receptor 
homology region-transmembrane domain Ring-H2 motif protein (RMR) targeting 
determinant, no expression was detected at protein level. 
Among all the constructs, the highest protein expression was achieved when 
POL was inserted into the basic subunit of glutelin, which amounted for 0.3% of the 
dry seed weigh. The POL protein from Gtl/POL construct was extracted and purified 
for cytopathic effect (CPE) reduction assay. The plant-derived protein showed 
significant potency on inhibiting herpes simplex virus type I (HSV-1), respiratory 
syncytial virus (RSV) and influenza A virus. The ultimate goal of this project is to 
develop a high protein expression system by using rice as bioreactor, so that 
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Chapter 1 Introduction 
Mannose-binding lectins are a group of proteins which can bind mannose 
specifically. Since the discovery of the first mannose-binding lectin in Galanthus 
nivalis (GNA) (Kaku et al, 1987)，scientists' attention was drawn towards the 
insectcidal property and sugar-binding specificity of this lectin. Later researches 
indicated that this group of lectins also has high potency against retrovirus，HIV-1 and 
HIV-2. Ten mannose-binding lectins had been isolated from monocotyledonous 
plants. 
In 2002, a novel mannose-binding lectin was isolated from a Chinese medicinal 
herb, Yu Chu {Polygonatiim odomtum) by affinity column chromatography and gel 
filtration. The first 25 N-terminal amino acids sequence was also revealed (Ooi et ai, 
unpublished). The rhizome of this annual plant is used as traditional medicine in 
China for lowering the blood glucose level and cholesterol. Besides, it is also used to 
relieve respiratory diseases. The anti-viral activity of Polygonatum odoratum lectin 
(POL) was estimated by cytopathic effect (CPE) reduction assay and plaque reduction 
assay. POL was claimed to have high potency of inhibiting viral infection by herpes 
simplex virus type I (HSV-1 )，respiratory syncytial virus (RSV) and influenza A vims 
(Flu A). 
1 
HSV-1 may cause blisters and sores on the face and recurrent infection at the 
same location may occur. RSV is a major cause of acute respiratory illness, especially 
in children under 2 years old. Furthermore, the illness may lead to other health 
problems such as pneumonia and brochiolitis. No effective vaccines are available for 
preventing HSV-1 and RSV infection at this moment. Influenza may be caused by 
three types of influenza virus: influenza A, B and C. Influenza A virus can infect both 
human and animals while B and C infect human only. Thus, it is easy for influenza A 
virus to undergo genetic reassortment when two different strains of virus reproduced 
in the same animals. Also, influenza virus can undergo antigenic shift by mutating the 
H and N protein of viral protein coat. As a result, producing new vaccines and 
vaccination annually is necessary. 
To produce medicinal vaccines, traditional methods such as microbial 
fermentation and by animal cell lines are expensive and the production may be 
contaminated by human pathogens. On the contrary, plant-based production system 
has the potential to produce large amounts of vaccines in low production costs. 
Moreover, proper posttranslational modification of plant proteins by plant cells is 
another advantage over the microbial-derived protein. Still, the current major 
limitation of using plants as bioreactors is their low protein expression level. 
To tackle with this limitation, two strategies were used in this study: protein 
2 
targeting and glutelin fusion protein. For the former, protein targeting determinants, 
including binding protein of 80-kDa (BP-80), a-tonoplast intrinsic protein (a-TIP) 
and Receptor homology region-transmembrane domain Ring-H2 motif protein (RMR), 
were linked to the POL cDNA with the hypothesis that these determinants will target 
the POL into the protein storage vacuoles for stable accumulation. For the later 
strategy, since high expression was obtained for protein fused with the glutelin storage 
protein (Liu, 2002)，POL cDNA was inserted into basic subunit of glutelin with the 
expectation that higher protein expression level could be achieved. The ultimate goal 
of this study is to produce large amounts of POL in rice, with anti-viral activity, for 
therapeutic use or as animal feed. 
3 
Chapter 2 Literature review 
2.1 Plant lectins 
2.1.1 Introduction 
Plant lectins, also called agglutinins or phytohemagglutinins, have the longest 
scientific history of all plant proteins. The first description of a plant lectin dates back 
to 1888 when Stillmark discovered ricin, a lectin isolated from Ricinus communis L. 
seed. In the following century, many legume lectins were isolated and their 
hemagglutinating activity was evaluated. Recently, the attention was drawn to other 
species. Eventually, it became evident that lectins are widespread in the plant 
kingdom. 
2.1.2 Definition and subdivision of plant lectins 
In 1995, plant lectins were defined as "all plant proteins possessing at least one 
non-catalytic domain, which binds reversibly to a specific mono- or oligosaccharide" 
(Peumans and Van Damme, 1995). 
Lectin is famous for its carbohydrate binding activity rather than agglutinating 
activity as some lectins do not agglutinate erythrocyates. Thus, lectins are divided into 
several groups according to their carbohydrate binding specificity initially, e.g. 
4 
fucose-binding lectins and sialic acid-binding lectins. However, this subdivision does 
not give any information about the evolutionary relationships between lectins. 
Therefore, subdivisions according to evolutionary relationships have been proposed 
on the basis of either serological relationships or sequences similarities (or both) by 
Van Damme et al. in 1998 (Van Damme et al, 1998a). Analysis of the available 
sequences distinguishes seven families of evolutionary related proteins. Four of them, 
namely, the legume lectins, the monocot mannose-binding lectins, the chitin-binding 
lectins composed of hevein domains, and the type 2 RIP, comprising numerous 
members. On the other hand, the jacalin-related lectins, the amaranthin lectin family 
and the Cucurbitaceae phloem lectins are small protein families (Table 2-1). 
Table 2-1 Seven families of evolutionary related plant lectins 
Legume lectins 
Chitin-binding lectins 
Type 2 RIP and related lectins 
Monocot mannose-binding lectins 
Jacalin-related lectins 
Amaranthin lectin family 
Cucurbitaceae phloem lectins 
5 
2.2 Monocot mannose-binding lectins 
In 1987, the appearance of the first description of a monocot mannose-binding 
lectin, Galanthus nivalis agglutinin, drew the attention of scientists to this novel 
family of lectins. Then, several mannose-specific lectins were isolated from 
Amaryllidaceae and Alliaceae species. For further analysis, molecular cloning of 
lectin cDNA was carried out and the protein structure of GNA was revealed. All 
monocot mannose-binding lectins consist of subunits with similar DNA sequences 
and protein structure. Subsequently, attention was shifted to biomedical activity of 
these lectins, especially their potent anti-viral activity and anti-insect properties. 
2.2.1 Occurrence and carbohydrate binding specificity 
Heretofore, monocot mannose-binding lectins have been found in six plant 
families: Alliaceae, Amarllidaceae, Araceae, Bromeliaceae, Liliaceae and Orchidaceae. 
They present in most organs such as leaves, flowers, ovaries, bulbs, tubers, rhizome 
and the amount of lectin presence varies according to species, tissues and 
developmental stages of plant. In general, mannose-binding lectins account for 0.1% 
to 5% of the total protein. However, in the bulbs of garlic and ramsons, the expression 
of lectin is up to 50% while the lectin concentration in leaves of some orchids is less 
then 0.01% of total protein. 
6 
As indicated by its name, these specific proteins can bind mannose specifically 
and Hapten-inhibition assay indicated that they are all inhibited by mannose. 
Nevertheless, fine specificity of lectins is different from each other. For example, 
GNA has the highest affinity for terminal Mana(l’3)Man (Shibuya et al, 1988) while 
daffodil lectins bind Mana(l,6)Man preferentially (Kaku et al, 1990). In some plants 
(e.g. Polgygonatum multiflorum. Allium sativum), lectin-related proteins were found 
by screening cDNA libraries and they have no carbohydrate-binding activity as steric 
hindrance prevents the binding of sugar on all the putative mannose-binding sites 
(Van Damme et al” 1996a). 
2.2.2 Molecular structure and amino acid sequence 
According to the size of native proteins, these lectins can be divided into two 
groups: one-domain protomers of ll-14kDa and two-domain protomers of about 
30kDa. Lectins composed of 30kDa protomers are further subdivided into subgroups 
with either two similar domains or two dissimilar domains. Most of the one-domain 
protomers consist of two to four identical subunits held together by noncovalent 
interaction. A few lectins have been completely sequenced by chemical methods 
(Figure 2-1) and the primary structure revealed that each lectin subunit is composed of 
three tandemly arrayed subdomains of about 40 residues with a high internal sequence 
7 
similarity (Van Damme et al, 1991). Moreover, each subdomain corresponds to one 
mannose binding site. 
The GNA three-dimensional structure was analysed by X-ray diffraction in 1995 
(Hester et al, 1995) which gave a clear picture of the appearance of monocot 
mannose-binding lectin. Each mannose binding subdomain consists of 4 stranded 
p-sheet made up of 4 amino acid residues: Gin, Asp, Asn and Tyr (QDNY). These 
four amino acids bind with the oxygen residues of mannose through a network of four 
hydrogen bonds. By comparing the protein sequences of other lectins with GNA, the 
numbers of functional mannose binding sites can be estimated and most of the lectins 
exhibit a similarity with GNA on overall three-dimensional structure. 
8 _ 
(A) atggctaaqq caagtctcct cattttggcc accatcttcc ttggagtcat 50 
cacaccatct tgtctgagtg aaaatattct gtactccggt gagactctcc 100 
ctacaggggg atttctcagc tctggcagtt ttgtttttat catgcaagag 150 
gactgcaacc tggtattgta caacgtcgac aagcccatct gggcaactaa 200 
cactggtggc ctctccagtg actgctccct cagcatgcag aacgatggga 250 
acctcgttgt gttcacccca tcgaacaaac cgatttgggc aagcaacact 300 
gacggtcaga atgggaatta cgtgtgcatc cttcagaagg atcggaacgt 350 
tgtgatctac ggaactaatc gttgggctac tggaacttac actggtgctg 400 
taggaattcc tgaatcacca ccctcggaga aatatccatc tgctggaaag 450 
ataaagcttg tgacggcaaa gtaatga 
(B) makasllila tifIgvitps clsenilysg etlptggfIs sgsfvfimqe 
dcnlvlynvd kpiwatntgg Issdcslsmq ndgnlvvftp snkpiwasnt 
dgqngnyvci Iqkdrnvviy gtnrwatgty tgavgipesp psekypsagk 
iklvtak 
Figure 2-1 Galanthus nivalus lectin (GNA) -1 mRNA and protein 
sequences 
(A) GNA-1 mRNA sequence (NCBI, accession number: AF413080) 
Initiation codon is underlined. 
(B) GNA-1 protein sequence (NCBI, accession number: AAL07474) 
9 
2.2.3 Molecular cloning, biosynthesis and post-translational 
modification 
Following the isolation and sequence analysis of native proteins, molecular 
cloning of lectins was performed. Sequencing of multiple cDNA clones and Southern 
blot analysis clearly indicated that all Amaryllidaceae lectins are encoded by extended 
gene families (Van Damme et <7/., 1992) and this genome organization occurs in other 
families also. The multiple lectin genes in Amaryllidaceae share high similarity 
between each clone. At present, no intron sequences have been found in any genes 
encoding monocot mannose-binding lectins. 
The cDNA sequences of lectins yielded a wealth of information for predicting 
the biosynthesis and post-translational modification of lectins within the cell. 
However, only a few monocot mannose-binding lectins have been studied in detail 
and the localization of these lectins has not been elucidated yet. 
Like GNA, all one-domain protomers are synthesized on the ER as 
preproproteins (Van Damme and Peumans, 1988). Then, the signal peptide is removed 
during the entry into ER lumen. C-terminal propeptide is cleaved by specific enzyme 
and glycosylation may occur in some lectin during the transportation from ER to their 
final destination. For two-domain protomers, they are also synthesized on ER as 
preproproteins and signal peptide is cleaved. During or after transportation from ER to 
final destination, removal of linker between two lectin subunits, glycosylation, and 
10 
cleavage of C-terminal propeptide may occur, depending on the nature of lectins. 
2.2.4 Mannose-binding lectins of Family Liliaceae 
In the past, researchers mainly focused on isolating mannose-binding lectins in 
plants of families Amaryllidaceae, Alliaceae and Orchidaceae. Since the discovery of 
Tulipa lectins in 1986, only 3 mannose-binding lectins were discovered in plants 
belonging to family Liliaceae. Their properties and activities will be discussed below. 
For lectins isolated from Polygonatum crytonema (Family Liliaceae), only DNA and 
protein sequences were published in NCBI and no information on their property and 
activity were provided. 
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2.2.4.1 Tulipa gesneriana lectins (TGL) 
A lectin, which agglutinated specifically the yeast cells of the Saccharomyces 
i 
I 
genus but not animal erythrocytes, was isolated from the tulip bulbs by Oda and 
Minami (1986). This protein is composed of 4 identical 17kDa subunits and binds 
mannose, mannose-6-phosphate, fucose and fucosamine. This is the first tulip lectin 
isolated by mannose-agarose column and named as TxLMI (first mannose-binding 
Tulipa hybrid lectin). 
At the same year, a second tulip lectin which bound to immobilized fetuin was | 
isolated by Cammne et al (1986). TxLCI (first Tulipa hybrid lectin with complex 
：1 
i 
specificity) is an unglycosylated protein with four 28kDa subunits and the 28kDa 丨 
protein precursor will be posttranslationally cleaved into 13kDa and 14kDa subunits. 
丨.1 
Unlike TxLMI, this lectin can agglutinate animal erythrocytes readily. Based on the i 
；I 
cloned TxLCI cDNA sequence, it revealed that this unusual lectin contains two 
binding sites: one binds mannose and another binds GalNAc specifically. The lectin 
composes of 275 amino acids and the first 19 amino acids correspond to signal , 
peptide sequence (Van Damme et al., 1996b) 
Besides TxLMI, another mannose-binding lectin was discovered in tulip bulbs 
ii • 
called TxLMII (second mannose-binding Tulipa hybrid lectin). Similar to TxLMI, this j 
novel lectin does not agglutinate animal erythrocyte but rabbit one. However, the 
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agglutinating activity of TxLMII is much lower. Also, the molecular size of TxLMII is 
different from TxLML TxLMII is a not glycoprotein and is comprised of two 12kDa 
subunits. This lectin is encoded by a 525bp cDNA and it contains a 36 amino acids 
long signal peptide (Van Damme et al, 1996b). 
2.2.4.2 Aloe arborescens lectins (AAL) 
"Kidachi Aloe", the Japanese name of Aloe arborescens Miller var. natalensis 
Berge, has been used as a folk medicine for the treatment of skin injury and burns in 
Japan for a long time. In 1995, a novel 35kDa mannose-binding lectin was isolated 
from its leaf and its complete amino acid sequence determined by analysis of the 
peptides of intact or S-pyridylethylated protein generated by digestion with cyanogens 
bromide, BNPS-skatole, Achwmobacter protease I, or trypsin. The protein identity 
between AAL and GNA is about 60% which suggests that they are highly homologous 
(Koike et al, 1995a). The molecular size of AAL subunit is about 9kDa and a 
partially processing site is located which can yield two fragments of 2.3kDa and 
5.5kDa. 
The hemagglutinating and mitogenic activities of AAL were determined by 
hemagglutination assay and MTT assay, respectively (Koike et al, 1995b). For the 
il 
former, AAL showed high activity with rabbit erythrocytes but no hemagglutinating 
activity with human or sheep erythrocytes. During the same test, it was found that the 
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hemagglutinating activity was inhibited in the presence of D-Mannose, mannan or 
Methyl-a-D-mannopyranoside. In addition, the native Aloe lectin showed strong 
mitogenic activity toward mouse spleen lymphocytes. 
2.2.4.3 Polygonatum multiflorum agglutinin (PMA) and 
lectin-related protein 
A 14kDa mannose-binding lectin was isolated from Polygonatum multiflorum 
(common Solomon's seal) by Van Damme et al. (1996a). They found that this 
tetrameric lectin was mainly accumulated in rhizome of the plant. Based on Hapten 
inhibition assays, only mannose had an inhibitory activity with I C 5 0 (concentration 
required for 50% inhibition of the agglutination of trypsin-treated rabbit erythrocytes) 
of 15mM. PMA failed to agglutinate untreated or trypsin-treated human red blood 
cells. Furthermore, isolectins of PMA inhibited the infection of target cells by HIV at 
an I C 5 0 ranging from 0.58 to 0.98 |ig /mL, which is similar to orchid mannose-binding 
lectin. 
Several cDNA clones of PMA were isolated from cDNA libraries and sequence 
analysis showed that the PMA cDNA contains an open reading frame of 505bp 
encoding a 168 amino acid precursor. The size of RNA is about 800b and the deduced 
amino acid sequence suggested there is a signal peptide cleavage site between the 29"� 
and 30th amino acid. 
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Molecular cloning of PMA also revealed a second lectin-related protein (PM30) 
with a molecular mass of 30kDa. However, all the three subdomains of PM30 are non 
functional and thus, it could not be purified by affinity column. On the other hand, 2 
of 3 subdomains of PMA are functional and able to bind mannose. Comparing the 
protein sequences between PMA and GNA, PMA is highly similar (73%) to GNA and 
the protein identity is 45%. 
2.3 Polygonatum odoratum lectins (POL) 
2.3.1 Isolation and purification of POL from Yu Chu 
Yu Chu, Polygonatum odoratum (Family Liliaceae), is a perennial plant which 
can grow up to 90cm tall and 30 wide. Its rhizome spreads in underground to form 
colonies. Yu Chu prefers well-drained soil in cool shaded area and it is intolerants of 
heat and drought. It is also a Chinese herb with high medicinal value, has been used as 
traditional medicine in China for a long time. It mainly uses for lowering the blood 
glucose level and cholesterol, also, patients can consume the Yu Chu to relieve the 
symptoms of respiratory diseases such as coughing. Besides, the heart muscles of 
patient could be strengthened when Yu Chu is consumed with gingseng together. 
In order to isolate the mannose-binding lectin from Yu Chu, the total protein of 
Yu Chu was first precipitated by serial concentrations of ammonium sulfate and the 
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extracted protein fraction was purified by mannose-agarose column (Sigma). The 
adsorbed protein was further purified on a Superdex 75 column (Pharmacia Biotech) 
and pure POL was collected. The molecular size of POL is estimated by gel filtration 
and SDS-PAGE. The lectin is a homodimer composed of two 14-kDa subunits. By 
periodic acid-Schiff (PAS) staining, POL was shown not to be a glycoprotein and the 
first 25 N-terminal amino acid sequences, which were identical to that of 
Polygonatum multiflorum lectin, were revealed by Edman degradation (Fig. 2-2) (Ooi 
et al, unpublished data). 
f 
i 
1 DNSLTSPNSLPSGHSLNTGSGRALR 25 \ 
\ 
Figure 2-2 N-terminal amino acid sequence of POL ! 
i 
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2.3.2 Agglutinating activity and anti-viral activities of POL 
The agglutinating activity of POL toward rabbit erythrocytes was tested and it 
showed that POL is a weak agglutinin to rabbit erythrocytes. The specific 
hemagglutinating activity (number of hemagglutinating unites per mg protein) of POL 
is 413U/mg protein. 
Furthermore, POL is a potent inhibitor of herpes simplex virus (HSV-1), 
influenza A virus (Flu A) and respiratory syncytial virus (RSV) with an I C 5 0 (protein 
concentration required for inhibiting plaque formation by 50%) of 2.1 |ig/mL, 
6.25 i^g/mL and 25 ^ig/mL, respectively (Ooi et aL, unpublished data). However, 
confluent Vero cells were not protected from HSV-1 viral infection even though the 
cells were first incubated with POL for 1 day and removed before plaque reduction 
assay. Thus, further studies are required to study the mechanism of the ability of POL 
on viral infection inhibition. 
|! 
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2.3.3 Bacterial expression of POL in Escherichia coli 
In previous study, the POL cDNAs were cloned and one of them was expressed 
in E. coli for anti-viral activity assay (Li, 2003). The POL cDNA was expressed as 
either mature form or proprotein form (with signal peptide) in E. coli (Fig. 2-3) under 
the induction of IPTG. The expressed proteins were extracted and purified by 
mannose-agarose column. Anti-viral activity assay was performed. It was found that 
the mature POL has higher potency on inhibiting HSV-1 and Flu A than the proprotein 
(Table 2-2). This shows that the cloned cDNA is a good candidate for medicinal 
research and for producing plant-based vaccine. 
A / 1 T7pro I POL(with SP) | T7 ter | \ 
pET30a vector 
V / 
® ( 1 T7 pro I POL (w/o SP) | T7 ter | s 
pET30a vector 
\ / 
Figure 2-3 Constructs for POL expression in E, coli '' 
Constructs were transformed into E.coli strain BL21 and 
expression of the target gene was induced by IPTG. Both constructs 
are driven by the T7 promoter in pET30a vector. 
(A) POL cDNA with signal peptide sequence (483bp) 
(B) POL cDNA without signal peptide sequence (397bp) 
T7 pro: T7 promoter and T7 ter: T7 terminator 
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Table 2-2 Anti-viral activity of E, coli expressed POL 
Sample ICsoofHSV ICsoofFluA ICsoofRSV 
Mature form POL expressed in E.coli 12.5 jiig/mL 25 )ag/mL 46.8 |Lig/mL 
Proprotein form POL expressed in E.coli 50 |Lig/mL 100 |j,g/mL 46.8 jig/mL 
pET30a vector (control) No activity No activity 31.3 jiig/mL 
POL purified by affinity column 6.8 |^g/mL 6.25 ^ig/mL 25 |ig/mL 
The E. coli expressed proteins were purified by mannose-agarose column and the 
adsorbed fractions were used for activity assay. Two POL constructs were expressed: 
mature form or proprotein form (with signal peptide sequence) in BL21 cells. BL21 
cell with vector only was used as control. The activity of mannose-agarose column 
purified POL was listed for reference (Ooi et al, unpublished data). HSV: Herpes 
simplex virus; Flu A : Influenza A virus and RSV : Respiratory syncytial virus; I C 5 0 : 
concentration of protein that required to inhibit viral infection by 50%. 
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2.4 Plant-based production of recombinant proteins 
2.4.1 Advantages of using plants as expression system 
Traditionally, pharmaceutical proteins are mainly produced by mammalian cell 
lines or relied on microbial fermentation. However, since the technical breakthroughs 
of stable plant transformation in 1984, the use of transgenic plants to produce foreign 
proteins with economic values was being realized and transgenic plants hold several 
advantages against expression system like mammalian cell line, transgenic animals, 
bacteria, or yeast (Ma et al., 2003). These include low production costs, eliminating 
the risk of product contamination with endotoxins or human pathogens (e.g. prions, 
viruses), ease in scaling up production, possibility of direct oral administration and 
with eukaryotic post-translational modifications (Table 2-3). 
Still, there are current limitations of plant bioreactor technology: low protein 
yield, difficult downstream processing and presence of non-authentic glycan structure 
on recombinant human proteins. To improve protein yields, using strong and 
tissue-specific promoter may be one of the solutions. Also, subcellular targeting of 
protein plays an important role in determining the protein yields (Fischer et al, 2004). 
To tackle with the difficulties in downstream processing, fusion protein expression, 
usage of affinity tags and secretion of protein into the medium could help to ease the 
problem. 
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The main glycosylation difference between the plant and animal systems is that 
plants are unable to add sialic acid and galactose to glycoproteins. The minor 
difference in glycan structure could potentially change the activity, biodistribution and 
longevity of recombinant proteins. As a result, recent attention has focused on the 
development of strategies to "humanize" the glycosylation patterns of recombinant 
proteins produced in plants. 
Table 2-3 Comparison of production systems for recombinant human 
pharmaceutical proteins 
System Overall Production Scale-up Product Glycosylation Contamination Storage 
cost timescolo capacity quality risks cost 
Bacteria Low S>>ort High Low None Endotoxins Moderate 
Yeast Medium Medium High Medium Incorrect Low risk ； Mtxlerate 
Mammalian High Long Very low Very high Correct Viaisos, prions and Expensive 
coll culture “ oncogenic DNA 
Trarisgenic High Vaylong Low Vetyhgh '' Correct Viruses, prions and Expensive 
animals ‘ oncogenic DNA 
Plant cGfl Mediuoi Medium Medium High Minor Low nsk Moderate 
ailtiires differences 
Transgenic Vary low Long Very high High Minor Low risk inexpensive 
plants ‘ differences 
(Adopted from Ma et al, 2003) 
21 
2.4.2 Plant-derived recombinant proteins 
Due to the advantages of plant-based expression system discussed above, three 
main types of proteins have been produced in plants: pharmaceutical proteins, 
recombinant antibodies and recombinant subimit vaccines. Examples of recombinant 
proteins that have been produced in plants are listed in Table 2-4. 
To-date, three plant-derived recombinant proteins have been put on market and 
they are avidin, p-glucuronidase and trypsin (Horn et al, 2004). All of them are 
produced in transgenic maize and currently being sold by Sigma-Aldrich. 
Corn-derived trypsin is the first large-scale plant molecular farming product to reach 
the market and its market value is estimated at US $120 million in 2004. 
There are some products under clinical trials and will be reached the market in 
the next 5 years. For example, a tobacco-derived monoclonal secretory IgA， 
designated CaroRx, is used for against dental caries. This antibody inhibits the 
binding of the oral pathogen, Streptococcus mutans, to teeth. Phase II clinical trials 
have shown that topical application, after bacteria have been removed from mouth, 
helps to prevent recolonization by S. mutans by several months. Besides, corn-based 
LT-B (heat liable toxin, B subunit) has completed its phase I clinical trials and proved 
that dry grain is a superior delivery system for edible vaccines (Tacket et al, 2003). 
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Table 2-4 Important pharmaceutical proteins that have been 
produced in plants 
Protein Host plant system Comments References 
Human biopharmaceutlcals 
Growth hormone Tobacco, sunflower First human protein expressed in plants; initially expressod as fusion protein 6,14 
with nos gene in transgenic tobacco; later the first human protein expressed in 
chtoroplasts. with expressfon levels -7% of total leaf protein 
Human serum alDumin Tobacco, potato First full size native human protein expressed in plants; low expression levels in 
transgentos {0,1 % of total soluble protein) but high levels (11% of total leaf protein) 15.98 
in transformed chloroDtast?. 
ft-lntoffeit>n Rice, turnip First human pharmaceutical protein produced in rice 99 
Ftythfotxwtm Tobacco First human protein pfoduceci in toDacco suspensjon cells 100 
Human-secmied alkaline Tobacco Produced by secretion from roots and leaves 59.60 
phosphatase 
Aprotjnin Maize Production of a human pharmaceutical proiem in maize 101 
Collagen Tobacco FW production of human structura卜protein potymer; correct modifcatton 13,26 
achievod by co-transformation with modification enzyme 
a1 -antitrypsin Rice First [ m of nee suspension cells for molecular farming (see Rni-. 103 103 
for discussion o1 antibody procJuction in nee c^lf culture) 
Recombinant antfbod/es 
IgG 1 (phosphonale ester) Tobacco First antibody expressed in plants; fuli length senjm IgG produced 7 
by crossing plants that expressed heavy and fight chains 
igM (neuropeptic^ hapten) Tobacco First IgM expressed 'fn plants and protein targeted to chloroptet for accumulation 104 
SlgA/G Tobacco Firet secretory antibody expressed in plants; achieved by seciuenliai 89,90. 
(Sf^fococcus mutans crossing of four lines carrying individual components: at present the 105 
adhesHi) most advanced plant-donved pharmaceutical protein 
scFv-bfyoclin 1 Tobacco Fii^i pharmaceutical $cFv produced in plants: first antibody produced 106 immunotoxin (CD AGj in cell'oiispension culture 
IgG (HSV) Soybean Fiml pharmaceutical prolem produced tn soybean 72 
LSC (HSV) Chiemydomonas First example of molecular forming in algao 107 mlnhanittl 
RGcombinant subuntt vaccines 
Hepatitis B virus Tobacco First vaccine candidato expressed in plants: ttiird plant-derived 8,19,20 
envelope protein vaccine to reach clinical trials stage 
Rahies vtrus glycoproteH^  Tomato hirst example of an 'edible vaccine' expiBsseci tn edible plant tissue 77 
Escherichia co/i rieat-tabiie Tobacco, potato First plant vaccine to reach clinical trials stage 2^^QQ 
entopotoxin 
Nof\vaIk Wuft capsjid Potato Second plant vaccine to reach clinical tna!s stage 22 
protein 
Diabetes autoantigen Tobacco, potato First plant-derived vaccine for an autoimmune disease 109 
Cholera toxin B subunft Tobacco, potato First vaccine candidate expressed in chloroplaats 65 
Cholera toxin B and A2 Potato First plant-deriveci multivatent recombinant antigen designed for 110 
subunits, rolaviojs protection against several enteric disoases enterotoxjn and 
entonotoxigenic f. coJiftimbrtal antigen fusons 
Porcine transmisstble Tobacco、maee First example of oral feeding inducing protection in an animal 111 
gastroenterHis vtrus 
glycoproteins 一 . . — — —...— 
(Adopted from Ma et aL,2003) 
HSV: Herpes simplex virus; IgG: immunoglobulin G; IgM: immunoglobulin M; LSC: 
long single chain; nos: nopaline synthase; scFv: single-chain FV fragment; SigA: 
secretory immunoglobulin A. 
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2.5 Expression of heterologous proteins in rice 
2.5.1 The facts of rice 
Rice is a major staple food on Earth as half of the world's population consumes 
rice as their daily food. It provides 21% of the global human per capita energy. In 
China, each person eats 91kg rice yearly and the rice production in 2000 is 600 
million tons (FAO online database). There are two main kinds of rice cultivars in Asia: 
(1) Indica, adapts to tropics area and (2) Japonica, adapts to temperate region and 
tropical uplands (Maclean et al, 2002). 
Due to the importancy of rice to human life, many researches had been carried 
out mainly in three areas: functional genomic, increasing rice grain yield and 
expressing foreign protein in rice. In 2002, the draft sequences of rice genome were 
published. Based on these sequences, the function of rice genes could now be studied. 
As the world's population keeps increasing rapidly and the area of farming lands is 
abated due to industrialization, increasing the yield of rice becomes critical. In China, 
hybrid rice with higher grain yield was developed to help meet the high demand of 
food. 
Rice could also be used as bioreactor to express foreign proteins due to several 
advantages, including: firstly, rice is a staple food which is consumed by half of the 
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world population and the expression of proteins in seeds enables long-term storage at 
room temperature as compared to leafy crops and fruits. Secondly, rice lacks the 
phenolic compounds presents in tobacco leaves, thus improving the efficiency of 
downstream processing and reducing the production cost (Twyman et aL, 2003). In a 
study of producing pharmaceutical single-chain Fv antibody in various plant system 
(Stoger et aL, 2002), the expression level of antibody in rice, wheat, pea and tobacco 
with optimal promoter is compared. Rice plants showed the highest yields per unit 
biomass, exceeding tobacco leaves, wheat and pea. 
2.5.2 Rice storage proteins 
In rice seeds, about 7-10% of the reserves is protein and the major rice proteins 
are storage proteins. Rice storage proteins can be divided into four classes based on 
their solubility properties. Glutelins, soluble in acid or alkali, are the main storage 
protein, accounting for 80% or more of the total seed protein. Water soluble albumin 
accounts for 1 to 5% and alcohol soluble prolamin constitutes 2 to 8%. Lastly, the 
amount of salt soluble globulin ranges from 4 to 15% of the total seed protein 
(Krishnan and White.. 1995). 
The deposition of glutelin and prolamin in rice has been studied. Rice contains 
two different protein bodies (PB): irregular-shaped PB and spherical PB. Glutelin is 
stored in the former while prolamin is transported to the latter for storage. The 
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51-57kDa glutelin precursor was first translated in the cytoplasmic side of rough ER 
and then transported into the lumen. Inside the ER lumen, cleavage of signal peptide, 
trimerization and disulfide linkage formation occurred coincidently. Then, proglutelin 
was transported to Golgi and sorted into dense vesicles in the site of trans-Golgi 
cisternae. During the trafficking of protein along the prevacuolar compartments, 
proprotein is processed by vacuolar processing enzyme, forming two subunits: the 
34-37kDa acidic subunit and the 21-22kDa basic subunit. Finally, the mature glutelin 
was deposited in irregular-shaped PB (Fig 2-4). 
Prolamin, unlike glutelin, is sorted to ER-derived PB with the aid of Binding 
Protein (BiP) as PB-ER hybrid. Its molecular size ranges from lOkDa to 17kDa and 
deposited round-shaped PB. 
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glutelin mRNA prolamin mRNA 
C-ER — 
O® O ® o ® ^ 广 
DV f Q l j ^ ^ 碑 
vacuole 、 
rice glutelin pb rice prolamin pb ^ ^ ^ ^ ^ 
Figure 2-4 Storage proteins sorting in rice endosperm cells 
(Adopted from Muntz, 1998) 
Glutelin and prolamin mRNAs are translated in different areas of 
rER, cisternal ER and protein body-forming ER, respectively. 
Proglutelin trimers are sorted to dense vesicles at trans-Golgi 
cisternae and processed into mature form in prevacuolar 
compartments, which are finally transformed into irregular-shaped 
protein bodies. Prolamins bind with BiP in ER and aggregate for 
sorting to ER-derived protein bodies. 
C-ER : cisternal ER; PB-ER : protein body-forming ER; DV : dense 
vesicles; VPE ； vacuolar processing enzyme; PB : protein bodies. 
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2.5.2 Expression of lysine-rich protein (LRP)/glutelin fusion protein 
in rice seeds 
In winged bean {Psophocarpus tetragonolobus), a 17kDa lysine-rich protein 
(LRP) was isolated and its cDNA cloned. The lysine content of LRP is 10.8mol% 
(Sun et al., 1998). By introducing this gene into cereal crops such as rice, which is 
deficient in lysine, the nutritional value of rice can be increased. In an attempt to 
enhance the expression level of LRP in rice, LRP was fused with glutelin, an 
endogenous major storage protein in rice, and expressed in rice seeds under the 
control of Glutelin-1 promoter (Liu, 2002). Three expression constructs were made: 
the LRP was either inserted into the acidic subunit, basic subunit, or both subunits of 
glutelin. It was found that when the LRP was inserted in the acidic subunit, full length 
LRP/Glutelin fusion protein and some processed fragments containing LRP were 
detected. These results also happened when both glutelin subunits were inserted with 
LRP. On the other hand, only full length fusion protein was detected in western blot 
when LRP was located in the basic subunit of glutelin. Expression construct in which 
LRP was inserted in the glutelin acidic subunit gave the highest level of fusion protein 
expression. Among twelve such independent lines tested, the expression of 
LRP/Glutelin fusion protein was up to 2.7% of dry seed weight, which is about 29.3% 
of the total protein. Furthermore, 10 out of 12 samples showed significant increase in 
lysine content, ranging from 2% to 24%, when compared to the wild type. 
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2.5.3 Expression of Galanthus nivalis agglutinin in rice 
Galanthus nivalis agglutinin (GNA) was the first mannose binding lectin isolated 
from monocotyledonous plant in 1987. So named, because GNA has the ability to 
agglutinate rabbit erythrocytes, but not human red blood cells. This tetrameric 12kDa 
protein contains a 2kDa signal peptide and C-terminal extension (Van Damme et 
flf/., 1987; Van Damme et a/., 1991). It is mainly stored in the bulb at resting stage and 
degrades when the shoot starts growing. This indicates that GNA behaves like typical 
storage proteins (Van Damme and Peumans, 1990) 
GNA was found to be an antifeedant to insects of the orders Coleoptera, 
Lepidoptera and homopteran. Most importantly, it was relative harmlessness towards 
mammals, based on the results of a 10-day rat feeding experiment (Pusztai et al” 
1990). As a result, transgenic indica rice harbouring GNA was generated by either 
Agrobacterium-mtdiidiXQd transformation (Nagadhara et flf/.,2004) or particle 
bombardment (Sudhakar et al,\99%). Transgenic expression of GNA was driven by 
phloem-specific rice sucrose synthase 1 promoter and the expressed protein was 
localized in vascular tissue and epidermal layer. In vascular tissue, GNA was mainly 
accumulated in the phloem companion cells. 
In the study by Nagadhara et al (2004), the effect of GNA on 3 types of 
sap-sucking homopteran pests was evaluated by feeding them with transgenic rice or 
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control rice. The T1 and T2 transgenic rice were used in the feeding test with a GNA 
expression level at 0.3% of the total leaf soluble protein. This testing showed that the 
survival, development and fecundity of the whitebacked planthopper {Sogatella 
furcifera) fed on transgenic plants was decreased dramatically as compared to those 
fed on control plants. Furthermore, intact GNA protein was detected in the total 
proteins of whitebacked planthopper by western blot. These transgenic rice also 
showed substantial resistance against the brown planthopper and green leafhopper, 
exhibiting 55% and 49% reduction in their survival, respectively (Nagadhara et 
i7/.,2003). Due to the high-level resistance against planthoppers, the T5 transgenic rice 
plants are being evaluated in open field trials in India and the use for direct 
commercial cultivation in hopper-prone areas will be exploited. 
2.6 Protein trafficking in plants 
2.6.1 Golgi-dependent pathways 
In plant vegetative cells, there are two functionally distinct vacuolar 
compartments: protein storage vacuoles (PSV) and lytic vacuoles (LV). The 
membrane of PSV and LV are marked by a-tonoplast intrinsic protein (a-TIP) and 
y-TIP, respectively. Before reaching LV, protein is first transports to Clathrin-coated 
vesicles (CCV) via Golgi apparatus. Inside this vesicles, a type I transmembrane 
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protein, BP-80, was isolated by subcellular fractionation of developing pea cotyledon. 
This protein serves as a vacuolar sorting receptor (VSR) for proteins sorted to LV 
(Paris et al, 1997). 
However, in plant storage cells, there is only PSV present. Microscopic studies 
indicated that PSV contains subcompartments comprised of matrix, crystalloid and 
globoid. It was hypothesized that proteins will be transported to dense vesicles and 
prevacuolar compartment (PVC) via Golgi apparatus before entering into PSV and its 
subcompartments. PSV Crystalloid is in lattice structure which can be marked by a 
type I integral membrane, Receptor homology region-transmembrane domain 
Ring-H2 motif protein (RMR). RMR were co-localized with dark-intrinsic protein 
(DIP), a marker of crystalloid, in confocal immunofluorescence studies (Jiang et al., 
2000). 
In seed PSV, the matrix mainly used to store soluble storage protein such as bean 
phaseolin and tobacco chitinase. Globoid, containing phytic acid and oxalate crystal, 
is a membrane-bounded organelle and its membrane can be marked by V-PPase and 
y-TIP; thus, it is predicted to be similar to LV in vegetative cell. 
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2.6.2 Golgi-independent pathway 
In pumpkin cotyledons, a distinct vesicle which accumulates large amount of 
protein precursor has been isolated and designated as precursor-accumulating vesicle 
(PAC vesicle) (Hara-Nishimura et al, 1998). This vesicle contains a electron-dense 
central core with a electron lucent outer zone. In the central core it contains storage 
protein transported from ER bypassing Golgi apparatus. Thus, some proteins may be 
transported to vesicles directly without passing through Golgi apparatus. Furthermore, 
the outer zone of PAC vesicles is labeled by antibody specific for complex 
modifications of Asn-linked oligosacchardies, a modification that requires transit 
through the Golgi apparatus. Thus, it appears that PAC vesicles are multivesicular 
bodies (MVB) that accumulates protein from two different pathways. 
By using tobacco suspension cell culture and transgenic plant, a reporter protein 
linked with BP-80 transmembrane domain (TMD) and a-Tonoplast intrinsic protein 
(a-TIP) was transformed and its localization was studied by confocal 
immunofluorescence. It was surprising to find the chimeric reporter protein was 
co-localized with DIP and RMR, indicating that the reporter protein was localized in 
crystalloid ofPSV (Jiang et al, 2000). 
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2.6.3 Expression of protein targeting determinants in tobacco plants 
and suspension cells 
In order to understanding the role of TMD and CT of BP-80 and a-TIP in protein 
trafficking，an amino-terminal mutated form of the cysteine protease proaluerain that 
lacks efficient vacuolar targeting determinants is linked with different TMD and CT 
for localization study. Normally, the 42kDa proaluerain is processed into 32kDa 
mature form in acidified post-Golgi compartment and accumulated in LV (Holwerda 
et al, 1992). When the mutated proaluerain expressed in tobacco suspension cells, 
due to the lack of vacuolar targeting determinants, it was secreted outside of the cell. 
When the BP-80 TMD and CT were linked at the carboxyl-terminal of the 
mutated proaluerain, the chimeric protein was transported to LV prevacuolar 
compartment. In Western analysis, a 32kDa band was detected which revealed that the 
proaleurain had been processed into mature form (Jiang and Rogers, 1998). The effect 
of Brefeldin A (BFA) on protein trafficking was also studied. BFA prevents protein 
transportation from ER to Golgi. After the drug treatment, little mature aleurain was 
detected in soluble fraction by Western analysis, indicating that the chimeric protein 
must have passed through the Golgi apparatus to prevacuolar compartment for 
processing. 
In another chimeric construct, in replacement of BP-80 CT by a-TIP CT, the 
chimeric protein did not pass through Golgi apparatus and was localized in organelles 
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separated from ER, Golgi apparatus and LV prevaucolar compartment. Confocal 
immunofluorescence study showed that this reporter protein was localized in the PSV 
crystalloid as it was co-localized with DIP and RMR protein, which served as markers 
of PSV crystalloid. Furthermore, since the chimer protein reached PSV bypassing the 
Golgi apparatus, no soluble mature aleurain was detected. 
These two chimeric constructs were further transformed into tobacco plants for 
analysis. In tobacco root extract, the full length fusion protein containing TMD and 
CT was detected for both constructs and the protein was mainly found in the 
membrane fraction (Jiang et al, 2001). This suggested that there is no cleavage of 
TMD and CT from proaleurain. Thus, the chimeric protein must have remained on the 
membrane due to the presence of TMD. 
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Chapter 3 Materials and Methods 
3.1 Introduction 
The POL cDNA was cloned from RNA extracted from Yu Chu by RACE. The 
expression of POL, with or without signal peptide and driven by CaMV 35S promoter 
or Glutelin-1 promoter, was tested in transgenic rice. The sub-cellular localization of 
the expressed POL, with targeting signals or fusion with glutelin was studied. In 
addition, the expressed POL protein was extracted from transgenic rice seeds and 
analyzed by cytopathic effect reduction assay for possible bioactivity. 
3.2 Chemcials 
Most chemicals used were of reagent grade or molecular grade and were 
purchased from Sigma or Bio-Rad (unless otherwise specified). Restriction enzymes 
were obtained from New England Biolabs Inc. and Promega Biosciences unless 
specified. 
3.3 Bacterial strains 
E. coli DH5a and BL21 were used for chimeric gene construction and pET 
expression experiment, respectively. For rice transformation, Agwbacterium 
tumefaciens strain EHA105 was used. 
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3.4 Cloning of POL cDNA 
3.4.1 Plant materials 
The Chinese medicinal herb, Yu Chu {Polygonatum odoratum), was collected 
from Guangzhou (Dr. Ooi, L.S.M., CUHK). The leaf, fruit, root and rhizome of the 
plant were separated and stored at —80�C for mRNA and protein extraction. 
3.4.2 RNA extraction 
Total RNA was extracted from rhizome by the method as described by Altenbach 
et al (1989). The quality of the extracted RNA was checked by electrophoresis in 1% 
agarose/ formaldehyde gel. 
3.4.3 RT-PCR amplification of POL cDNA 
Based on the first 20 amino acids sequence of POL obtained in previous study 
(Ooi et al, unpublished) and the DNA sequence of PMA and PCL (NCBI database, 
Figure 3-1), specific 5'primer (LPO: 5' GAC AAT TCT CTG ACC TCC CC 3，) and 
3' primer (RP02: 5’ AGG GCC GTA GAT GAC CAC AT 3，）were designed. The 3' 
primer was used to generate the first strand cDNA while the 5' primer was performed 
to obtain a partial POL cDNA. In the amplification, DNase digestion of total RNA 
was first performed by mixing 2 i^g RNA with IX Dnase I buffer and 1 unit Dnase. 
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The 8|j.L reaction mixture was incubated for 15 minutes at room temperature. After 
the incubation, 3.3mM EDTA was added to stop the reaction of DNase and the 
reaction mixture was further heated at 65°C for 10 minutes. To generate the first 
strand cDNA, 2.5mM 3，primer，RP02, was added to the above reaction mixture and 
heated at 65°C for 5 minutes. Then, 20|iL of the above mixture, in the presense of 
5mM dNTPs, lOmM DTT, 40 units of Rnasin® Ribonuclease Inhibitor (Promega), IX 
M-MLV buffer and 400 units of M-MLV Reverse Transcriptase (Promega) was 
incubated at 42°C for 1 hour. 
The PGR amplification was carried out in a 25|LIL reaction mixture containing 
2.5|iL first strand cDNA, lyiM 5, Primer (LPO), l |iM 3，Primer (RP02), IX PGR 
buffer, ImM MgCls, 0.1 mM dNTPs, 2.5 Unit Tag polymerase under the conditions of 
94°C for 5 minutes, then 25 cycles at 94°C for 30 seconds, 53�C for 1 minute and 
72°C for 1 minute, followed by 1 cycle at 72°C for 7 minutes. The cDNA amplified 
was excised from agarose gel and cloned into pGEM®-T vector for sequencing. Cycle 
sequencing was performed using ABI PRISM® dRhodamine Terminator cycle 
sequencing kit (Applied Biosystems) and analyzed using ABI PRISM® 3100 Genetic 
Analyzer (Applied Biosystems) as described in the user manual. 
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PMA 1 | a t g g c a g c t a g t a | a | t a g t | t | c a a t c c t c c | t g a | t c c t c a t g g c c a c c a t c g c 50 
PCL 1 | a t g g c a g c t a g t a | g | t a g t | c | c a a t c c t c c | — — | b c c t c a t g g c c a c c a t c g c | 47 
PMA 5 1 [ c a t c t t t a a c c t c a t q a t t q c a t c q c c a b q c q c a g c g g l a c a a t t c t c t d a 100 
PCL 48 | c a t c t t t g g c c t c a t q q t t g c a t c g c c j q | b q c q c a g c g ^ | c a a t t c t c t g | t 97 
PMA 1 0 1 S c [ t c c c c c a a c a g c c t c f c c | ^ | c c g g c c a t t c c c t c - a a c a c g g g - - c t c t 147 
PCL 98 Ic fc lbcccccaacagcc tc l t t l c la l ccc fc fcca t t ccc tcya lgg tg lg i 头 c f c tc t i 147 
PMA 148 t a c c g t c t c a t h j a t g c a g g b a g a c t g c a a c t t a g t g g t g t a c g a c t c a g g 197 
PCL 14 8 I t a c c g t c t c a t | t : | a t g c | c b g | g | a q a c t g c a a c t t j t b t拙q t a c g a c t c a g g | 197 
PMA 198 c a a a c c t g t t t g g g c d a c c a a c a c c g g c g g g c t t g c c c g t g a 二七 g c c g c t 247 
PCL 198 c a a a c c t g t t t g g g c g | t c c a a c a c c q q c g g g c t H g y c | a | g t g y c t q c c g c t | 2 4 7 
PMA 2 4 8 t g a c d a J t g c a c a a c a a c g g g a a c c t c g t c a t c t a c g a t a g g a g c a a c a g t 297 
PCL 2 4 8 [ b g a c q t t g c a c a a c a a c q g g a a c c t c g t c a t c t a c g a t | c a | q a g c a a c H g t | 2 9 7 
PMA 2 9 8 | g t g a t t t g g c a g a c c a a [ t | a c g a a c g | a | g a a g g a g g a c c a t t a c g t g c t g g t 347 
PCL 2 9 8 | g t g a t t t q g c a g a c c a a | g | a c g a a c g | c | | q a a q q a q q a c c a t t a c q t g c t g g t | 347 
PMA 3 4 8 I g c t g c a g c a a q a c c q c a a t g t g g t c a t c t a c g g c c c t g c a g t c t g g g c c a 3 9 7 
PCL 3 4 8 | g c t q c a q c a a g a c c q c a a t g t g g t c a t c t a c q q c c c t g | t | a g t | t i b g g g c c a | 3 97 
PMA 3 9 8 I c a g d t l t c t g g a c c g g c c g t c g g a c t c a c c c t t g 1 1 c c g c a t a a c g 1 1 a c t 447 
PCL 3 9 8 | c a q 3 c j b c t g g a c c g g c c g t c g g a c t c a c c c t t | a | t t c c g c a t a a c g l d t a c t i 447 
PMA 448 g c t a t t g t t c a t g e t a|g|a|g|cgat g e t t a a t g a g t a g 483 
PCL 448 I g l a l t a t t g t t c a t q c t a f c a l c f c q a t g c t t a a t g a g t a l a 483 
Figure 3-1 DNA sequence alignment of PMA and PCL 
The upper sequence refers as DNA sequence of PMA while the lower 
one refers as PCL DNA sequence. Identical sequences of PMA and 
PCL are boxed in yellow color. The underlined sequences were used 
for designation of 5，primer (red color) and 3，primer (blue color) for 
RT-PCR. 
3.4.4 5'RACE and 3'RACE 
Based on the sequencing results of partial POL cDNA, gene specific primer-1 
(RP02 : 5, AGG GCC GTA GAT GAC CAC AT 3，）and gene specific primer-2 
(LP02: 5' GAC CAC TAG GTG CTG GTG CT 3，）were designed for 5'RACE and 
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3'RACE, respectively. RACE was performed by using BD SMART丁m RACE cDNA 
Amplification Kit (Clontech) followed the user manual. Amplified cDNAs were 
excised from agarose gel and cloned into pGEM®-T vector for sequencing (Section 
3.4.3). 
3.4.5 Sequencing of POL cDNA 
Two primers (5'POL: 5'ATC TAG ATA TGG CAG CTA GTA ATA GTT C 3’ ； 
3，POL: 5'GTA TAG GGA TCC TAG TCA TTA AGC ATC GCT C 3,) were designed 
for amplifying the open reading frame of POL cDNA via RT-PCR, using RNA 
extracted from rhizome of Yu Chu as template. The PGR reaction was carried in a 
25)^L reaction mixture (0.2 ^g DNA template, l^iM 5' Primer, IjaM 3' Primer, IX 
PCR buffer, ImM MgCls, 0.1 mM dNTPs, 2.5 Unit Tag polymerase) under the 
following reaction conditions: 94°C for 5 minutes, then 25 cycles at 94°C for 30 
seconds, 56°C for 30 seconds and 72°C for 1 minute, followed by 1 cycle of 72�C for 
7 minutes. The amplified POL cDNA was excised from agarose gel and cloned into 
pGEM®-T vector for further sequencing (Section 3.4.3). The clones were labeled as 
clone 1 to 12. 
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3.5 Analysis of POL protein 
3.5.1 Protein extraction and Tricine-SDS PAGE 
Total protein was extracted from fruit body, seed, root and rhizome of Yu Chu 
using total protein extraction buffer (300mM NaCl, 2mM EDTA, lOOmM Tris, 2% 
SDS, pH 7.4). The homogenate was then centrifuged in eppedorf microfuge (Labnet 
C-0160) at 14,000rpm for 10 minutes. The supernatant was transferred to a new 
eppendorf tube for storage. The protein concentration was determined by the Lowry 
method using the DC protein assay of Bio-Rad with bovine serum albumin (BSA) as a 
standard. 
The same amount of total protein in equal volume of 2X sample loading buffer 
(0.5M Tris-HCl, pH6.8, 10% SDS, 0.2M EDTA, 0.01% bromophenol 
blue, 1% p-mercaptoethanol) was heated at 99°C for 10 minutes. For gel staining with 
Coomassie blue solution (1 g/L Coomassie brilliant blue G-250, 1% methanol) 
afterward, 30 |ig total protein was loaded per lane. For gel used for electroblotting, 
10 |j.g total protein was loaded. The stained gel was destained by destaining solution 
(methanol : 100% glacial acetic acid : water, 20 : 6 : 55). The composition of tricine 
SDS-PAGE is as described by Wong (2002). 
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3.5.2 Western blot analysis 
After seperation by tricine SDS-PAGE, protein samples were blotted onto 
nitrocellulose membrane (Schleicher & Schuelll Bioscience) using the 
mini-Trans-blot system (BioRad) as described in the user manual. Electroblotting was 
performed at constant voltage (60V) for 100 minutes in a modified Dunn buffer 
(lOOmM NaHCOs, 3mM NazCOs and0.02% SDS). 
After transfer, the membrane was blocked and washed as described in user 
manual of Aurora^"^ Western blotting kit (ICN Biomedicals, Inc.). The membrane was 
incubated in primary antibody, the polyclonal rabbit anti-POL antibody (in a 1:1500 
dilution with TBS buffer), for 2 hours. After interval washing, the membrane was 
immersed in alkaline phosphatase (AP)-conjugated goat anti-rabbit immunoglobulin 
G (Bio-Rad) at a 1:3000 dilution for 1 hour. The protein was detected by Aurora™ 
Chemiluminsent substrate solution as described in the user manual of Aurora^^ 
Western blotting kit. 
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3.6 Chimeric gene construction 
During the construction of chimeric genes, the open reading frame sequence of 
clone 5 was used as DNA template for amplification. The primer sets used for PGR 
amplification of each construct were as shown in Table 3-1. There are two groups of 
constructs, driven either by constitutive CaMV 35S promoter or rice seed specific 
glutelin-1 promoter. For the former, POL cDNA with or without signal peptide 
sequence was cloned. For the latter, POL cDNA with signal peptide sequence was 
used as a control and three different targeting signal sequences were fused to the POL 
cDNA containing glutelin-1 signal peptide sequence. Also, POL cDNA was inserted 
into basic subunit of glutelin gene for expression. All clones, after sequence 
confirmed by DNA sequencing, were transformed into Agrobacterium binary vector 
pSB130 (Liu, 2002) for rice transformation. The binary vector pSB130 contains two 
sets of T-DNA boarder sequences: one flanks the target gene and the other flanks the 
selective marker, Hygromycin phosphotransferase gene (HPT). 
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Table 3-1 Primer sets for PGR amplification 
Constructs Primers 
CaMV 35S constructs 
p S B 1 3 0 / 3 5 S / P O L / N o s |LBMBL 
RSMBL(STOP) 
PSB130/35S/SPPOL/POL/NOS L B M P L ( S P ) 
[RSMBL(STOP) 
Glutelin-1 constructs 
p S B 1 3 0 / G t 1 /SPPOL/POL/NOS | L N M B L 
RSMBL(STOP) 
pSB130/Gtl/SPGti/POL/ BP-80/Nos LNMBL 
RSMBL 
pSBlSO/Gtl/SPcti/POL/ a-TIP/Nos LNMBL 
RSMBL 





LBMBL(SP) 5 ’ CGGGATCCATGGCAGCTAGTAATAGTTC 3 ’ 
LBMBL 5' CGGGATCCATGGACAATTCTCTGACCTCCC 3’ 
LNMBL 5 ’ CATGCCATGGACAATTCTCTGACCTCCC 3 ’ 
R S M B L ( S T O P ) 5 ’ G C T C G A G C T A C T C A T T A A G C A T C G C G 3 ’ 
RHMBL 5' CTGTTGACAACTTGAACCTGCTCATTAAGCATCGCTCT3’ 
RSMBL 5 ’ GCTCGAGCTC ATTA AGC ATCGCTCTAG 3 ‘ 
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3.6.1 Construction of the Cauliflower mosaic virus (CaMV) 35S 
promoter/POL constructs 
In this group of constructs, the POL cDNA (with or without its signal peptide 
sequence) was inserted between the CaMV 35S promoter and Nos terminator as 
shown in Figure 3-2. In the construction, the POL cDNA with or without its signal 
peptide sequence (Figure 3-3) was amplified by PCR using clone 5 as DNA template. 
In the design of primers, 5' BamHI and 3，Sad restriction enzyme sites were 
introduced. A 50|il PCR reaction mixture containing 40ng DNA template, IX Pfu 
buffer (Strategene), 0.2mM dNTP, 0.5|LIM 5, primer, 0.5|IM 3' primer and 2.5units Pfu 
DNA polymerase (Strategene, 2.5U/|LI1) was prepared for each of the target gene. The 
PCR conditions were as follows: 94°C for 5 minutes, then 25 cycles at 94°C for 30 
seconds, 58°C for 30 seconds and 72�C for 30 seconds, followed by 1 cycle at 72°C 
for 7 minutes. The PCR product was cloned into the pGEM®-T vector. The gene 
sequence was confirmed by DNA sequencing (Section 3.4.3). Then, the POL cDNA 
with or without its signal peptide sequence was cleaved by BamHI and Sad and 
cloned into pSB130/35S/hG-CSF/Nos (From Ng，W. M., CUHK) by replacing the 
hG-CSF sequence (Figure 3-3 and 3-4). 
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1) pSB130/35S/POL/Nos 
CaMV 35Spro POL NOSter 
2) pSB130/35S/SP/POL/Nos 
CaMV 35Spro SPPOL POL NOStcr 
Figure 3-2 CaMV 35S promoter/POL constructs 
Two chimeric genes were constructed by inserting the POL cDNA 
with or without signal peptide between the CaMV 35S promoter and 
Nos terminator. (CaMV 35Spr� : Cauliflower mosaic virus 35S 
promoter ； SPPOL ： Signal peptide of Polygonatum odoratum lectin ； 
POL : Polygonatum odoratum lectin cDNA; Noster ： Nopaline 
synthase terminator) 
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B 她 I SacI BamHI Sad 
Z POL CaMV35S hG-CSF NOS 
( PGEM-T ) ( PSB130 ] 
BamHI & SacI Digestion Y 
Fragment isolation and ligation 
，r 
BamHI Sad 
CaMV35S POL NOS 
pSB130 � 
Figure 3-3 General scheme of constructing pSB130/35S/POL/Nos 
The hG-CSF gene was replaced with POL by BamHI and Sad 
digestion. CaMV35S : CaMV 35S promoter; hG-CSF: human 




CSP(POL) POL \ CaMV35S hG-CSF NOS 
PGEM-T � ( PSB130 ] 
(3kb) ^ ^ ^ ^ ^ ^ ^ ^ 
V J 
BamHI & SacI Digest i f Y 
Fragment isolation and ligation 
BamHI SacI 
CCaMV35S SP(POL) POL NOS : 
pSB130 � 
(9.8kb) J 
Figure 3-4 General scheme of constructing 
PSB130/35S/SPPOL/POL/NOS 
The hG-CSF gene was replaced with POL containing its signal peptide 
by BamHI and SacI digestion. 
CaMV35S : CaMV 35S promoter; SP: signal peptide sequence of POL; 
hG-CSF: human granulocyte-colony stimulating factor; NOS: nos 
terminator. 
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3.6.2 Construction of the glutelin-1 promoter/POL constructs 
The construction of chimeric genes driven by the glutelin-1 promoter were 
shown in Figure 3-5. For pSB130/Gtl/SPpoL/Nos, the POL cDNA without signal 
peptide sequence was first prepared by PGR amplification with flanking 5'BamHI and 
3 'Sad restriction enzyme sites. The PGR product was then digested with BamHI and 
Sad and cloned into pSBnO/Gtl/SPoti/hG-CSF/Nos by replacing liG-CSF with POL 
sequence (Figure 3-6A). 
For the other three chimeric genes containing three different protein targeting 
sequences: BP-80, a-TIP and RMR, the POL cDNA without signal peptide sequences 
was first prepared by PGR amplification with the flanking 5'NcoI and 3，Sad 
restriction enzyme sites. The PGR products were digested by Ncol and Sad and 
cloned into pSB130/Gtl(1.3kb)/SPGti/hG-CSF/Nos (From Ng, W. M.，CUHK), 
resulting in construct pSB130/Gtl(1.3kb)/SPGti/POL/Nos. Subsequently, the 1.3kb 
Glutelin-1 promoter was replaced by a 1.8kb Glutelin-1 promoter by digesting the 
constructs with Hindlll and BamHI, forming the pSB 130/Gt 1 (1.8kb)/SPGti/POL/Nos 
construct. At the same time, the three protein targeting sequences with spacer 
sequence introduced were excised from pSB130/Gtl(1.8kb)/SPGti/POL/protein 
targeting sequence/Nos (From Ng, W. M., CUHK) by performing Sad digestion. The 
released 3 targeting sequences were ligated into pSB130/Gtl(1.8kb)/ /SPoti/POL/Nos 
(Figure 3-6B). 
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For glutelin fusion construct, the fragment containing LRP in glutelin basic 
subunit was excised from the plasmid provided by Dr. Q.Q. Liu, CUHK and replace it 
by POL cDNA. Then, the glutelin fused POL and glutelin signal peptide was excised 
by BamHI and Sad and inserted into the pSB 1 SO/SPoti/hG-CSF/Nos by replacement 
ofhG-CSF, resulting in pSBHO/Gtl/SPcti/AB-POL/Nos (Figure 3-6C). For 
simplicity, the 7 chimeric constructs are abbreviated (Table 3-5). 
Table 3-2 Abbreviation of 7 chimeric constructs 
Construct Abbreviated name 
CaMV 35S constructs 
pSB130/35S /POL/Nos 35S/POL 
PSB130/35S/SPPOL/POL/NOS 35S/SPPOL/POL 
Glutelin-l constructs ‘ 
、 , 
p S B 130 /Gt 1 /SPPOL/POL/NOS G t 1 /SPROL/POL 
pSB130/Gtl/SPGti/POL/ BP-80/Nos POL-BP-80 
pSBlSO/Gtl/SPoti/POL/ a-TIP/Nos POL-a-TIP 
pSBlSO/Gtl/SPcti/POL/ RMR/Nos POL-RMR 
pSB 130/Gt 1 /SPot i/AB-POL/Nos AB-POL 
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1) pSB 130/Gt 1 /SPPOL/POL/NOS 
Glutelin-lpro SPPOL P O L NOSTER 
2) pSB 130/Gt 1 /SPGti/POL/BP-80/Nos 
G l u t e l i n - l p r o SPCTI P O L S B P - 8 0 C T BP-80TMD N O S , c r 
3) pSB130/Gtl/SPGti/POL/ a-TIP/Nos 
Glutelin-lpro S P G " P O L S a - T I P C R BP-80TMD NOSter 
4) pSBDO/Gtl/SPcti/POL/RMR/Nos 
G l u t e l i n - l p r o SPCTI P O L S R M R C T R M R T M D NOSTER 
5) pSB130/Gtl/SPGti/AB-POL/Nos 
G l u t e l i n - l p r o SPcti Glutelin acidic subun i t Basic POL subunit N O S t e r 
Figure 3-5 GluteIin-1 promoter constructs 
Five chimeric genes driven by the Glutelin-1 promoter were 
constructed. The POL cDNA with signal peptide sequence was 
inserted between the Gt-1 promoter and Nos terminator. For the three 
protein targeting constructs, signal peptide sequence of glutelin-1 
gene was added in front of the POL cDNA and the three targeting 
sequences were inserted after the POL cDNA. For glutelin fusion 
construct, the POL was inserted in the middle of the glutelin basic 
subunit. Key :Glutelin-lpro : Glutelin-1 promoter ； S P P O L : signal 
peptide sequence of POL cDNA ； SPoti : signal peptide sequence of 
gluteline-1 gene ； BP-80 : binding protein-80kDa ； a-TIP : 
a-tonoplast intrinsic protein ； RMR : Receptor homology 
region-transmembrane domain Ring-H2 motif protein ； CT : 
cytoplasmic tail ； TMD : transmembrane domain ； S : spacer sequence 
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A) POL cDNA with signal peptide construct (Gtl/SPpoiTPOL) 
PGR product Ncol Sad 
Ncol Sad 
p t U U k b ) SP(GTI)| hG-CSF I NOS 
PQL [ pSB130 
V J 
Ncol & SacI Y 
Hindlll BamHI Ncol SacI 
Gt l (1 .3kb | SP(GTI) POL NOS 
7 \ 
pSB130 ] 
( Hindlll BamHI Ncol SacI 
BamHI & Hind III \ Gtl(1.8kb) SP(GU) hG-CSF NOS 
y ^ 
\ / pSB130 j 
V (9.8kb) J 
Hindlll Ncol BamHI Ncol Sad ^ ^ 
I 
Gtl(1.8kb)| SP(GTI)| POL NOS 
pSB130 ] 
(9.8kb) ^ ^ ^ ^ 
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B) Protein targeting constructs (POL-BP-80, POL-a-TIP and POL-RMR) 
Ncol SacI 
PGR Product 
Ncol SacI |Gtl(1.3kb) SP(Gti)| hG-CSF[ N O S � 
( pSB130 ) 
POL , V (9.8kb) J 
Ncol & SacI 
Digestion 
Hindi! Ncol BamHI Ncol SacI 
Hindlll BamHI Ncol SacI 
I 
Gtl(L3kb) SP(Gti)| POL NOS [Gtl(1.8kb) SP(Gti)| hG-CSF| NOS 
7 pSB130 j [ pSBlSO j 
(9.8kb) ^ ^ ^ J (9.8kb) ^ ^ ^ ^ 
V J 
Hindlll & BamHI 
Digestion 
Hindlll BamHI Ncol SacI 
Gtl(1.8kb) SP(Gti)| POL NOS 




Sad (either 1 of them) 
Sad Sad 
？tl(1.8kb) SP(Gti)| POL NOS I Sad Sad 
7 \ RMR 
pSB130 ] 
V (9.8kb) ) Sad Sad j j j j ^ B 
BP-80 
_ J — 
Sad Digestion V^ 
Fragment ligation 
Hindlll BamHI Ncol Sad Sad 
Gtl(1.8kb) SP(Gti)| POL BP-80 J NOS 
f pSB130 ) 
(9.8kb) J 




«Vb) SP(Gti) POL B b h I NOS 
pSB130 j 
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C) Glutelin fusion construct (AB-POL) 
Hindlll BamHI Ncol Ncol Hindi Sad 
pBI221 H 
(5.8kb) Gtl(l-3kb) SP(Gti) Glutelin acidic Basic LRP unit NOS 
PGR product � 
N / 
POL Z Ncol & Hindi Digestion 
Replacement of LRP 
Hindlll BamHI Ncol Ncol Hindi Sad 
pBI221 H 
(5 8kb) P U l - 3 k b ) SP(Gti) Glutelin acidic Basic POL unit NOS 
Hindlll BamHI Ncol Sad 
kGtl(1.8kb) SP(Gti) hG-CSF NOS T p 畑 30 \ 
Hindlll Ncol BamHI Ncol Ncol Hindi Sad 
PSB130 r 
(9.8kb) Gtl(1.8kb) SP(Gti) Glutelin acidic Basic POL unit NOS 
Figure 3-6 General scheme of constructing Glutelin-l 
promoter/POL constructs 
(A) Construction map for Gtl/SP/POL. 
(B) Construction maps for POL-BP-80, POL-a-TIP and 
POL-RMR. 
(C) Construction map for AB-POL. 
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3.6.3 Sequence fidelity of chimeric genes 
To check the sequence fidelity of the chimeric genes, cycle sequencing was 
performed using ABI PRISM® dRhodamine Terminator cycle sequencing kit 
(Applied Biosystems) and analyzed by ABI PRISM® 3100 Genetic Analyzer 
(Applied Biosystems) as described in the user manual. Constructs with correct 
sequences were used for Agrobacterium transformation. 
3.7 Expression of transgenes in rice 
3.7.1 Plant materials 
Oryza sativa subsp. Japonica (cultivar 9983) was used in this study for rice 
transformation. 
3.7.2 Agrobacterium transformation 
Chimeric genes (Section 3.6.1 and 3.6.2, Table 3-5) were transformed into 
Agrobacterium EHA105 by the Freeze-frost method (Chan, 2004). The transformed 
cells were spread on LB agar plate with 50mg/L kanamycin. Single colony was picked 
from each construct and spread on another LB agar plate with 50mg/L kanamycin. 
The single colonies on this plate were used for rice transformation. 
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3.7.3 Callus induction 
The media and method used for rice transformation were the same as the method 
described by Liu (2002). Immature seeds (10-15 days after flowering) were sterilized 
by immersing in 50% Chlorox with shaking for 90 minutes. The seeds were then 
washed by sterilized water for eight to ten times. The embryos were excised from the 
immature seeds and cultured on N6D2 medium (Table3-6) for 5 days in dark. 
3.7.4 Agrobacterium culture and rice transformation 
A single colony of Agrobacterium carrying the chimeric gene was inoculated in 
3mL LB medium with 50mg/L kanamycin at 28°C for 16 hours. The inoculum was 
cultured in AB medium in 1:100 ratio for 7 hours. Bacterial pellet was obtained by 
centrifugation and resuspended in AAM medium. The induced calli (Section 3.7.3) 
were immersed in this medium for 15 minutes and dried on sterilized filter papers. 
Then, the calli were grown on N6D2C (Table 3-6) for 3 days in dark. 
3.7.5 Selection and regeneration of rice callus 
The calli were transferred to N6D2S (Table 3-6) for selection of transformed cells 
for 2 weeks in dark. The selected calli were further grown on Higrow® Rice medium 
(GIBCOBRL) for 2 weeks: 1 week in dark and 1 week in 16 hours light and 8 hours 
dark. After the pre-regeneration stage, the shoots were induced by putting calli on 
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MSR medium (Table 3-6) with 16 hours light and 8 hours dark at 28�C. The 
regenerated shoots were transferred to rooting medium, MSH (Table 3-6). After root 
formation, the whole plantlets were transferred to soil and grown in greenhouse. 
Table 3-3 Media used in rice transformation and tissue culture 
Medium name Medium components 
N6D2 Nfi (Chu, 1978) nutrients and vitamins, casein hydrolase 0.5g/L, 
sucrose 30g/L, 2,4-D 2mg/L, phytagel 2.5g/L，pH5.8 
N6D2C 即2，glucose lOg/L, AS 100|amol/L, pH5.2 
AAM AA(Toriyama and Hinata, 1985) nutrients, MS (Murashige and Skoog, 
1962) vitamins, casein hydrolase 0.5g/L, glucose 36g/L, sucrose 
68.5g/L, AS 100}imol/L, pH5.2 
N6D2S N6D2, Hygromycin B 50mg/L, Cefotaxime 500mg/L 
MSR MS nutrients and vitamins, casein hydrolase 0.3g/L, sucrose 30g/L, 
6-BA 2mg/L, NAA 0.5mg/L, KT 0.5mg/L, phytagel 2.5g/L, 
Hygromycin B 50mg/L, Cefotaxime 500mg/L, pH5.8 
MSH 1/2 MS nutrients, MS vitamins, sucrose 30g/L, NAA 0.5mg/L, 
phytagel 2.5g/L，HygromycinB 50mg/L, Cefotaxime 500mg/L, pH 5.8 
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3.7.6 Isolation of genomic DNA 
Genomic DNA was isolated from rice leaves using the CTAB protocol (Doyle et 
al, 1990). The DNA was suspended in 30|il ddHiO. DNA concentration was 
determined with a spectrophotometer by OD260nm measurement and the qualities of 
DNA were checked by gel electrophoresis in a 1% agarose/ TAE (0.04M Tris-acetate 
and 1 i^ M EDTA) gel. 
3.7.7 Southern blot analysis 
Genomic DNA (10|j.g) was digested with BamHI which had only one single 
cutting site in the vector backbone for 16 hours; separated on 1% agarose/ TAE gel; 
and then transferred to positively-charged nylon membrane (positively charged, 
Roche) using the VacuGeneXL Vacuum blotting System (Pharmacia Biotech). 
Hybridization and detection were performed as described in the DIG Nucleic Acid 
Detection Kit User Manual (Roche). Single strand DIG-labeled DNA probes (POL 
cDNA without signal peptide sequence and Hygromycin phosphotransferase gene) 
were prepared using DIG DNA labeling Kit (Roche) by PGR amplification using 
primer sets LN and RS, 5'Hyg and 3'Hyg, respectively. 
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3.7.8 Extraction of leaf total RNA 
The total RNA of rice leaves was extracted using the RNeasy plant mini kit 
(Qiagen) as user manual described. 
3.7.9 Extraction of seed total RNA 
Seed total RNA was extracted as described by Liu (2002) using 10 grains of 
immature (10-15DAF) rice seeds as starting material. The seeds were grinded into 
powder with the aid of liquid nitrogen. Then, 2mL RNA extraction buffer (50mM 
Tris-HCl, 20mM NaCl, 2mM EDTA, 1% SDS, pH 9.0) and 2mL phenol were added 
into the sample and stayed on ice for 10 minutes. After centrifugation at 4,000rpm for 
20 minutes (4�C)，the upper aqueous layer was mixed with equal amount of 100% 
ethanol and kept on ice for 30 minutes. Pellet was washed by 70% ethanol after 
centrifugation and dried at room temperature. 2M Lithium chloride was then used to 
resuspend the pellet and kept at 4°C overnight. After precipitation, the RNA pellet was 
collected by centrifugation and washed by 70% ethanol twice to remove impurities. 
Finally, the pellet was dried at room temperature and resuspended in 35|al water. 
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3.7.10 Northern blot analysis 
Leaf total RNA (3|^g) or seed total RNA (4^g) was first separated in 1% 
agarose/ formaldehyde gel and then transferred to nylon membrane (positively 
charged, Roche) using the VacuGeneXL Vacuum blotting System (Pharmacia Biotech). 
Hybridization and detection were performed according to the method described in the 
DIG Nucleic Acid Detection Kit User Manual (Roche). Single strand DIG-labeled 
DNA probe (POL cDNA without signal peptide) was prepared as described in Section 
3.7.7. 
3.7.11 Protein extraction and Tricine SDS-PAGE 
To separate the soluble and membrane proteins of rice seeds, the seeds were first 
extracted with soluble protein extraction buffer (300mM NaCl, 2mM EDTA, lOOmM 
Tris, pH 7.4). The homogenate was then centrifuged at 14,000rpm for 10 minutes. The 
supernatant (soluble fraction) was transferred to a new eppendorf tube for storage. For 
the remaining pellet, the membrane protein was extracted with total protein extraction 
buffer (300mM NaCl, 2mM EDTA, lOOmM Tris, 2% SDS, pH 7.4). Again, the 
homogenate was centrifuged at 14,000rpm for 10 minutes and the supernatant was 
transferred to a new eppendorf tube for storage. 
Rice seed total protein was extracted as described in section 3.5.1 and 100 jig 
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seed total protein was used for running Tricine SDS-PAGE and then electroblotting 
was performed. The quantity of total protein was analyzed using 10 jag seed total 
protein for running Tricine SDS-PAGE and performed gel staining. 
For rice seeds collected from glutelin fusion construct, the total rice protein was 
extracted by rice extraction buffer (125mM Tris-HCl, 4M Urea, 4% SDS, 5% 
p-mercaptoethanol, pH 6.8) and the procedure is the same as showed in section 3.5.1. 
3.7.12 Western blot analysis 
Electroblotting and signal detection were carried out as described in section 3.5.2. 
The polyclonal rabbit anti-glutelin antibody was diluted by TBS at 1:4000 ratio for 
application. 
3.8 Cytopathic effect (CPE) reduction assay 
3.8.1 Protein extraction 
Protein was extracted from 0.5g grinded rice seed powder by soluble protein 
extraction buffer. To extract rice soluble protein, 2.5mL soluble protein extraction 
buffer (300mM NaCl, 2mM EDTA, lOOmM Tris, pH 7.4) was added. The supernatant 
was collected after centrifugation at 14,000rpm for lOmin. Then, the collected 
supernatant was desalted by PDIO desalting column (Amersham Bioscience) and 
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freeze-dried afterward. 
To extract soluble protein from rhizome of Yu Chu, similar procedure was 
conducted. Before extraction, Yu Chu tuber was dried in 37°C incubator for one week. 
Protein concentration of soluble protein was estimated by DC protein assay kit 
(Bio-Rad). 
3.8.2 CPE reduction assay 
In this assay, the cell culture and virus preparation procedure of CPE reduction 
assay were the same as described by Ooi et al, 2004. The viruses tested included 
herpes simplex virus type I (HSV-1, strain 15577), respiratory syncytial virus (RSV-1, 
long strain) and influenza A virus (HlNl , clinic strain). Serial diluted concentrations 
of protein samples were added and the concentration of samples required to inhibit 
50% growth of virus (IC50) was estimated. Ribarivin, a currently clinical use anti-RSV 
drug, was used as a positive control of RSV and influenza A virus in assay. Acyclovir 
was used as positive control of HSV-1. Cell control and virus control were run 
simultaneously. 
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3.9 Confocal immunofluorescence 
3.9.1 Preparation of sections 
Mature rice seeds transformed with the pSB130/Gtl/SPpoLPOL/Nos construct or 
wild-type rice seeds were fixed in FAA (50% ethanol, 10% formaldehyde, 5% acetic 
acid) for 48 hrs at room temperature. Samples were then dehydrated with automated 
Enclosed Tissue Processor (ETP) as described in the user manual and embedded with 
paraffin wax. The embedded samples were sectioned (7 |im) on a rotary microtome 
and placed onto slides. 
Before labeling with fluorescence probes, paraffin on samples were removed by 
two changes of xylene for 2 niin and the samples were rehydrated by successive 
incubation in an ethanol series (100%, 95%，85%, 70%, 50%, 30%, 10%), followed 
by two changes of distilled water, all for 2 min each. 
3.9.2 Labelling of fluorescence probes 
The pre-treated sections were first blocked in 5 % blocking solution (IX TBS, 
5% Carnation non-fat dry milk) for 1 hour. After two washes in TBS (20 mM 
Tris-HCl, pH 7.5，500 mM NaCl), the sections were incubated with polyclonal rabbit 
anti-POL antibody diluted with TBS in 1:150 ratio at 4 °C overnight. After the 
primary antibody incubation, the sections were further washed three times in TBST 
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(20 mM Tris-HCl, pH 7.5, 500 mM NaCl, 0.05 % Tween 20) and incubated with Fab 
rhodamine-conjugated anti-rabbit antibody (diluted with TBS to 1:20, Jackson 
ImmunoResearch Laboratory Inc.) for five hours at room temperature. The labeled 
cells were fixed with 0.072% paraformaldehyde and followed by washing twice with 
TEST. Then, anti-glutelin antibody was added (diluted with TBS to 1:150) and 
incubated at room temperature for 2 hours. After that, samples were washed with TBS 
three times and incubated with FITC-conjugated anti-rabbit antibody (diluted with 
TBS to 1:100) for 1 hour. After adding the cover slip, sections were ready for viewing 
in a confocal microscope. 
3.9.3 Image collection 
Fluorescence images were collected by the a Bio-Rad Radiance 2100 system 
with the LaserShape2000 software (Bio-Rad), using the following parameters: 60X 
objective oil lens (Nikon), IX zoom, optimal iris and 512 X 512 box size pixel. A 
FITC/rhodamine software program was used to collect images under conditions where 
no crossover between FITC and rhodamine emissions occurred and the two images 
were collected sequentially from the same optical section. The FITC images were 
pseudocolored in green and the rhodamine images were pseudocolored in red. 
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Chapter 4 Results 
4.1 Cloning of POL cDNA from Yu Chu 
4.1.1 RNA extraction and partial POL cDNA amplification 
To clone the POL cDNA from Yu Chu, which encoded for the antiviral protein, 
POL, total RNA was extracted from the rhizome of Yu Chu (Figure 4-1) and RT-PCR 
was performed to amplify partial POL cDNA using specific primers, LPO and RP02. 
The RT-PCR product was analyzed by gel electrophoresis and a 300bp band was 
observed (Figure 4-2) and excised for DNA sequencing (Figure 4-3). The sequence of 
RT-PCR product contains no stop codon which suggested that the partial POL cDNA 
was obtained. 
Rhizome of Yu Chu 
Figure 4-1 Total RNA from rhizome of Yu Chu 
Total RNA(4}ig) extracted from rhizome of Yu Chu was resolved in 
1% agarose/formaldehyde gel. 
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• 2 � � b p 
Figure 4-2 Amplification of POL cDNA 
The cDNA of POL gene was amplified by RT-PCR using LPO and 
RP02. Product was resolved in 1% agarose gel with a 300bp shown. 
Key : Sample : RT-PCR reaction mixture of Yu Chu total RNA; -ve : 
negative control; M :lkb plus DNA marker (Invitrogen) 
5 ' G A C A A T T C T C T G A C C T C C C C C A A C A G C C T C G G C T C C 
GGC CAT TCC CTC GAC ACG GGC TCT TAG CGT GCC ATC 
ATG CAG GGA GAC TGC AAC TTA GTG GTG TAG GAC TCA 
G G C A A A C C T G T T T G G G C G T C C A A C A C C G G C G G G C T C 
G C C C G T G A C T G C C G C T T G A C G T T G C A C A A C A A C G G G 
A A C C T C G T C A T C T A G G A T A G G A G C A A C C G T G T G A T T 
T G G C A G A C C A A G A C G A A C G G G A A G G A G G A C C A C T A G 
GTG C T G G T G CTG C A G C A A G A C C G C AAT TTG GTC ATC 
TAG GGC CCT 3 ' 
Figure 4-3 DNA sequence of the partial POL cDNA 
A partial POL cDNA sequence was obtained by sequencing the 
300bp RT-PCR product. The reverse complement of bolded 
sequence was used to design the gene specific primer-1 and 
underlined sequences were used to design the gene specific primer-2 
for 3，and 5'RACE, respectively. 
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4.1.2 5'RACE and 3'RACE 
As only partial POL cDNA was obtained by RT-PCR, RACE was performed, 
using gene specific primer-2 (LP02 : 5' GAC CAC TAG GTG CTG GTG CT 3,) for 
5'RACE and gene specific primer-1 (RP02 : 5，AGG GCC GTA GAT GAC CAC AT 
3，）for 3'RACE, to obtain the full-length sequence of POL cDNA. RNA bands of 
500bp and 400bp were observed by analyzing the 5' and 3’ RACE reaction mixture 
with gel electrophoresis, respectively (Figure 4-4). 
5'RACE 3'RACE 
product M M product 
10OObp 800bp - K ^ S ^ M 
e o o b p - ^ ^ r j m i 
5。。bp ： ： ； ^ ^ ^ 一 
Figure 4-4 Results of 5'RACE and 3'RACE 
. 5' and 3'RACE was performed using primer, GSP-2 and GSP-1, 
respectively and reaction mixtures were resolved in 1% agarose gel. 
A 500bp band was observed in 5'RACE (left) and a 400bp band was 
obtained in 3'RACE(right). 
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4.1.3 Sequencing of POL cDNA 
By sequencing the 5, and 3'RACE products, full length sequence of POL was 
revealed. Then, on the basis of the full length sequence, two specific primers (5'POL 
and 3'POL) were designed for amplifying the open reading frame of POL cDNA by 
RT-PCR, using total RNA of rhizome of Yu Chu as template. The RT-PCR product, 
then, was ligated to pGEM®-T vector. Twelves clones were randomly chosen for 
sequencing (Figure 4-5). 
From the sequencing results, eight clones showed differences in DNA length and 
sequence. The POL cDNA consists of 474bp (clone 1,3,6,7,8,10 and 11) or 483bp 
(clone 5) which encoded for 157 a.a. or 160 a.a.，respectively. Surprisingly, in clone 5, 
there was an additional 9bp between the 28''' and 29 '^' nucleotide as compared with 
other clones. This led to an additional 3 a.a. between the and amino acid in its 
deduced protein sequence. We found that there were minor variations between the 
cDNA sequences at specific sites which this led to differences in protein sequence, as 
deduced from its cDNA sequence (Figure 4-6). This indicated that the POL protein 
was encoded by a family of closely related genes. Comparing the DNA sequences of 
eight clones with that of Polygonatum multiflorum and Polygonatum crytonema, 
mannose-binding lectins of family Liliaceae, sequence of clone 5 shares the highest 
DNA and protein sequence identity with them as compared to other seven clones. 
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Thus, clone 5 was chosen for further sequence comparison (Section 4.1.4) and used as 
template for constructing chimeric gene constructs for rice transformation. 
Furthermore, using the online signal peptide prediction program, SignalP V2.0 
(http://www.cbs.dtu.dkV a signal peptide cleavage site was predicted between the 29出 
amino acid, alanine and 30山 amino acid, asparagines (Figure 4-6). Compared to the 20 
amino acids sequence obtained in previous studies of POL (Ooi, unpublished data), 
this predicted result agrees with the protein sequencing result. Thus, POL protein is 
firstly translated as a 17kDa proprotein and its signal peptide is later cleaved during 
protein processing. 
CLONE 5 1 : ATGGCAGCTAGTAATAGTTCAATCCTCCTGATCCTCATGGCC 
CLONE 1 1: 
CLONE 3 1: 
CLONE 6 1: 
CLONE 7 1: 
CLONE 8 1: 
CLONE 10 1: 
CLONE 11 1: 
CLONE 5 43: ACCATCGCCATCTTTGGCCTCATGGTTGCATCGCCATGCGCA 
CLONE 1 34: 
CLONE 3 34 : 
CLONE 6 34 : 
CLONE 7 34 : 
CLONE 8 34: 
CLONE 10 34: 
CLONE 11 34: 
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CLONE 5 85： GCGGACAATTCTCTGACCTGGCCCAACAGCCTCGGCTCCGG 
CLONE 1 76: 
CLONE 3 76: 
CLONE 6 76: 
CLONE 7 76: 
CLONE 8 76: 
CLONE 10 76: 
CLONE 11 76: 
CLONE 5 127: CATTCCCTCGACACGGGCTCTTACCGTGCCATCATGCAGGG 
CLONE 1 118 : G 
CLONE 3 118 : G 
CLONE 6 118 : 
CLONE 7 118 : 
CLONE 8 118 : G 
CLONE 10 118 : 
CLONE 11 118 : 
CLONE 5 168: AGACTGCAACTTAGTGGTGTACGACTCAGGCAAACCTGTTTG 
CLONE 1 159: 
CLONE 3 159: 
CLONE 6 159: 
CLONE 7 159: 
CLONE 8 159: 
CLONE 10 159: 
CLONE 11 159: 
CLONE 5 210: TGGGCGTCCAACACCGGCGGGCTCGCCCGTGACTGCCGCTTG 
CLONE 1 201 : 
CLONE 3 201: 
CLONE 6 201 : 
CLONE 7 201: 
CLONE 8 201: 
CLONE 10 201 : A 
CLONE 11 201: A 
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CLONE 5 250： ACGTTGCACAACAACGGGAACCTCGTCATCTACGATAGGAG 
CLONE 1 241 
CLONE 3 241 : A--CC 
CLONE 6 241 : A--CC 
CLONE 7 241: A——CC 
CLONE 8 241 : A——CC 
CLONE 10 241 : — — A 
CLONE 11 241 : — — A 
CLONE 5 291: CAACCGTGTGATTTGGCAGACCAAGACGAACGGGAAGGAGG 
CLONE 1 282 : 
CLONE 3 282: A 
CLONE 6 282 : A 
CLONE 7 282 : A 
CLONE 8 282 : A 
CLONE 10 282: 
CLONE 11 282 : 
CLONE 5 332: ACCACTACGTGCTGGTGCTGCAGCAAGACCGCAATTTGGTCA 
CLONE 1 323: 
CLONE 3 323: 
CLONE 6 323: 
CLONE 7 323: 
CLONE 8 323: 
CLONE 10 323: 
CLONE 11 323: 
CLONE 5 374: TCTACGGCCCTGCAGTCTGGGCCACCGGCTCTGGACCGGCCG 
CLONE 1 365: 
CLONE 3 365: 
CLONE 6 365: 
CLONE 7 365: 
CLONE 8 365: 
CLONE 10 365: 
CLONE 11 365: 
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CLONE 5 416： TCGGACTCACCCTTGTTCCGCATAACGTTACTGCTATTGTTG 
CLONE 1 407 : T 
CLONE 3 407 
CLONE 6 407 : T 
CLONE 7 407 : T 
CLONE 8 407 : T 
CLONE 10 407 : T 
CLONE 11 407 : 
CLONE 5 458: ATGCTAGAGCGATGCTTAATGAGTAG 
CLONE 1 449: 
CLONE 3 449: 
CLONE 6 449: 
CLONE 7 449: 
CLONE 8 449: 
CLONE 10 449: 
CLONE 11 44 9: 
Figure 4-5 Comparison of DNA sequences of POL cDNA clones 
The open reading frame DNA sequences of eight clones were shown. 
Dot lines (---) denote sequence identity with that of clone no. 5 and dots 
(...)represent gaps introduced for maximal alignment. The size of POL 
cDNA clone 5 is 483bp and the other clones are 474bp in length. The 




Clone 1 ： ... 
Clone 3 ： ... 
Clone 5 ： MAASNSSILLILMATIAIFGLMVASPCAADNSLTSPNSLGSGH 
Clone 6 : • •. 
Clone 7 : . • • 
Clone 8 : . •. 
Clone 10 : • •. 
Clone 11 : ... 
Clone 1 : --E 
Clone 3 : --E 
Clone 5 : SLDTGSYRAIMQGDCNLVVYDSGKPVWASNTGGLARDCRLTLH 
Clone 6 : 
Clone 7 : 
Clone 8 :——E 
Clone 10 : H-_M-
Clone 11 : H--M-
Clone 1 : 
Clone 3 : NP--S 
Clone 5 : NNGNLVIYDRSNRVIWQTKTNGKEDHYVLVLQQDRNLVIYGPA 
Clone 6 : NP--S 
Clone 7 : NP——S 
Clone 8 : NP--S 
Clone 10 : 
Clone 11 : 
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Clone 1 ： F 
Clone 3 
Clone 5 : VWATGSGPAVGLTLVPHNVTAIVDARAMLNE 
Clone 6 : F 
Clone 7 : F 
Clone 8 : F 
Clone 10 : F 
Clone 11 : 
Figure 4-6 Deduced protein sequences of POL cDNA clones 
The protein sequences of eight clones were shown and arrow (”) 
indicate the possible processing site for the cleavage of the signal 
peptide. Dot lines (---) denote sequence identity with that of clone 5. 
Dots (...) represent gaps introduced for maximal alignment. 
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4.1.4 Sequences comparison of POL and Liliaceae lectins 
The DNA and deduced protein sequences of POL clone 5 were analyzed and 
compared with those of liliaceae lectins and Galanthus nivalis agglutinin (GNA) by 
using BioEdit (Tables 4-1 and 4-2). The POL was found to share a high similarity 
with Polygonatum multiflorum agglutinin (96%) and Polygonatum crytonema 
agglutinin (92%) at both DNA and protein level. However, compare to DNA sequence 
of Tuplipa gesnehana lectin with complex specificity (TxLCI) and Tuplipa 
gesneriana mannose-bidiiig lectin (TxLMII), the sequence identity of POL to them is 
only 31% and 38%, respectively. POL is homologous to GNA in a lesser extent with a 
39% protein identity and 55% DNA identity. Since only protein sequence available for 
AAL in database, Aloe arborescens lectin (AAL) is compared with POL protein 
sequence and the protein identity is 34%. 
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Table 4-1 Comparison of DNA sequences between POL, liliaceae 
lectins and GNA 
Lectins DNA sequence identity (%) against POL 
PMA (U44775) 96 
PC A (AF521656) 92 
TxLCI (U23041) 31 
TxLMII (U23044) 38 
GNA (M55555) 55 
The identity of DNA sequences between other lectins and POL cDNA (clone 5) was 
analyzed by BioEdit. Lectin sequences were obtained from NCBI 
(www.ncbi .n lm.nih .gov) and their accession numbers are bracketed. 
PMA: Polgyonatum multiflorum agglutinin; PCA: Polygonatum crytonema agglutinin; 
TXLCI: Tuplipa gesneriana lectin with complex specificity ； TxLMII: Tuplipa 
gesneriana mannose-biding lectin and GNA: Galanthus nivalis agglutinin. 
Table 4-2 Comparison of protein sequences between POL, liliaceae 
lectins and GNA 
Lectins Protein sequence identity (%) Protein sequence similarity (%) 
PMA (AAC49413) 93 97 
PCA (AAM77364) 84 93 
TxLCI (AAC49384) 18 35 
TxLMII (S62649) 37 64 
AAL (AAB35217) 34 50 
GNA (AAA33345) 39 66 
The protein sequence identity and similarity between other lectins and POL was 
analyzed by BioEdit. Protein sequences were obtained from NCBI and their accession 
numbers are bracketed. 
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4.2 Occurence of POL protein in Yu Chu 
To study the spatial distribution of POL in Yu Chu plants, the total protein of fruit 
body, seed, root and rhizome was extracted and 30|Lig total protein was analyzed by 
Tricine SDS-PAGE (Figure 4-7). A major protein of 14kDa (arrow in Figure 4-7), of 
the size of POL, was present in all organs. To further identify and estimate the amount 
of POL protein in various tissues, western blot analysis was carried out using 
polyclonal anti-POL antibodies (Figure 4-8). From the result, the amount of POL 
protein (0.09)Lig POL per l|j,g total protein) was found to be similar between fruit body, 
seed and rhizome while root had the highest amount (0.125|^g POL per Ifig total 
protein). 
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Figure 4-7 Gel electrophoresis of total protein extracted from 
various organs of Yu Chu 
Total protein (30|j,g) of fruit body, seed, root and rhizome was 
resolved in Tricine SDS-PAGE and the arrow indicated the putative 
POL of 14kDa in size. M : Precision Plus Protein Dual Color 
Standards (Bio-Rad). 
Purified POL protein 
Fruit body Seed Root Rhizome M 0.5ug 1.0ug 1.5ug 
.1 …....：:：_. :. — 1 ： ,： V, . , 
• ' • • 
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_ • • - ' 
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Figure 4-8 Western blot analysis of POL protein in various organs 
Total protein (10|ag) of fruit body, seed, root and rhizome was 
resolved in tricine SDS-PAGE. To estimate the POL amounts in 
various organs, purified POL protein (provided by Dr. Ooi, L.S.M, 
CUHK), ranging from 0.5|ig - 1.5|ag were loaded simultaneously. 
M : Precision Plus Protein Dual Color Standards (Bio-Rad). 
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4.3 Constitutional expression of POL in rice 
By performing RT-PCR and RACE, the open reading frame of POL cDNA was 
revealed and analyzed. As mentioned in Section 2.3.2 and 2.3.3’ POL was an antiviral 
protein which could inhibit the viral infection of Herpes simplex virus type 1， 
respiratory syncytial virus and influenza A virus. POL expressed in bacterial system 
also exhibited significant potency against these three viruses. Thus, POL was 
expressed m japonica rice (cultivar 9983) by using plant as bioreactor to produce this 
pharmaceutical protein in large scale for therapeutical use or as animal feed. 
To express POL in rice, two promoters, constitutive Cauliflower mosaic virus 
(CaMV) 35S promoter and seed-specific glutelin-1 (Gtl) promoter, had been used to 
drive the expression of the two chimeric gene constructs, for comparing their POL 
expression level of POL in rice. POL could be expressed in the whole plantlet under 
the driven of CaMV 35S promoter and two constructs, POL cDNA and POL cDNA 
with signal peptide (SP) sequence, were made for testing the expression differences 
with the presence of signal peptide. These two chimeric gene constructs were then 
transformed into Agrobacterium which later been used for Agrobacterium-mQdidiitd 
rice transformation. The leaves of regenerated transgenic plants were collected for 
Southern, northern and western analysis. 
79 
4.3.1 Construction of Cauliflower mosaic virus 35S promoter 
constructs 
Two chimeric gene constructs, pSB130/35S/POL/Nos and 
PSB130/35S/SPPOL/POL/NOS, were prepared (Figure 4 - 9 A ) and transformed into A. 
tumefaciem strain EHA105. In Figure 4-9B, the presence of POL cDNA (with or 
without signal peptide sequence) was confirmed by PGR amplification and the 
sequences had been confirmed by DNA sequencing (data not shown). For simplicity, 
plants transformed with pSB130/35S/POL/Nos and pSB 1 30/35S/SPPOL/POL/NOS 
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Figure 4-9 Construction of CaMV 35S promoter chimeric genes 
(A) Structure of two chimeric gene constructs and the 
size of transgene were indicated. 
(B) PCR amplification of POL cDNA (with or without signal peptide 
sequence) was performed using recombinant plasmids of 五.coli 
and Agrobacterium as template and PCR product was resolved in 
1% agarose gel. Primer sets used for PCR amplification were 
described in Table 3-5. 
Key : lA : plasmid pSB130/35S/POL/Nos; IB : Transformed 
Agrobacterium containing pSB130/35S/POL/Nos; 2A : plasmid 
pSB 1 30/35S/SPPOL/POL/NOS ； 2 B : Transformed Agrobacterium 
containing pSB 1 30/35S/SPPOL/POL/NOS; -ve : negative control; M : 
1 kb plus DNA ladder (Invitrogen) 
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4.3.2 Southern blot analysis 
The chimeric gene constructs were used for japonica rice transformation via 
Agwbacterium-mQdi\2i[.Qd method and transform ants were screened by antibiotic, 
Hygromycin B. Since vector, pSB130, consists of two sets of T-DNA boarder 
sequence, the target gene (POL) and selective marker gene (HPT) will be integrated 
independently into rice genome. The leaves of regenerated plantlets were used for 
Southern blot analysis to confirm the integration of transgenes (POL and HPT) and 
the copy number could thus be estimated by digesting genomic DNA with single 
enzyme, BamHI, which cut only one time in the vector backbone. The Southern blot 
results of 35S/POL and 35S/SPPOL/POL transgenic rice were shown in Figure 4-10. 
This analysis showed that each transgenic line was independent transformant and the 
copy number(s) of POL and HPT transgenes ranged from one to three. 
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35S/POL Trasgenic rices 35S/SPPOL/POL transgenic rice 
5C 21 10 19 1+ 11 13 22 15 16 6 2+ WT M 
^ H ^ f t - 4.9kb 
mm . … 《 、 
• '， I T — 3 . 5 k b 
S ^ / ? 」 ; 氣 、 ： — • ^ K - 1 6kb 
Copy number(s): 1 3 1 2 1 2 2 0 1 0 
35S/POL Transgenic rice 35S/SPPOL/POL transgenic rice 
5C 21 10 19 1+ 11 13 22 15 16 6 2+ WT M 
Probe : HPT _ ^ ^ 龍 ： - " ^ t ： 
…：1 % 嗎 一 
. 醒 . 二 ’ _ . \mm-1.6kb 
Copy number(s): 1 1 2 1 1 1 1 0 1 1 
Figure 4-10 Southern blot analysis of 3 5 S / P O L and 35S/SPPOL/POL 
transgenic rice 
Genomic DNA (lO^ig) was digested with BamHI, separated in 1% 
agarose gel and transferred on nylon membrane for detection. The 
copy number(s) of POL gene (upper panel) and HPT gene (lower 
panel) in each line were shown. Key : 1+ : positive control, plasmid 
pSB130/35S/POL/Nos ； 2+ : positive control, plasmid 
pSB 1 30/35S/SPPOL/POL/NOS ； WT : Wild type japonica 
rice(cultivar 9983) ； M : DNA Molecular Weight Marker III， 
DIG-labeled (Roche). 
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4.3.2 Southern blot analysis 
After confirming the integration of POL in rice genome, leaf total RNA was 
extracted to detect the expression of POL at transcripational level in 35S/POL and 
35S/SPPOL/POL by northern blot analysis, using POL cDNA as probe. Transcript with 
a size of 800b, was detected in all transgenic lines for both constructs. 
(A) 35S/POL transgenic line 35S/SPTOL/POL transgenic line 
5C 10 21 11 13 22 WT M 
— W W 
(B) 35S/POL transgenic line 35S/SPpoi7POL transgenic line 
5C 10 21 11 13 22 WT M 
Figure 4-11 Northern blot analysis of 3 5 S / P O L and 35S/SPPOL/POL 
transgenic rice 
(A) Leaf total RNA (3|ag) was resolved in 1% 
agarose/formaldehyde gel. 
(B) Northern blot analysis of transgenic plants was performed, 
using POL cDNA as probe. The numbers represent the line 
number of each construct. 
Key : WT : wild type japonica rice(cultivar 9983); M : 
0.15kb-1.77kb RNA ladder (Invitrogen) 
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4.3.2 Southern blot analysis 
The transgenic lines of 3 5 S / P O L and 35S/SPPOL/POL showing positive mRNA 
signal in northern blot analysis (Figure 4-11) were used to study the protein 
expression of POL. Total extractable protein was extracted from the leaves of 
transgenic plants for western blot analysis. The transgene POL expression could be 
detected only in one transgenic line of each construct (Figure 4-12). The undetectable 
band in other transgenic lines may due to the low expression level of transgene or 
degradation of recombinant proteins. 
For 35S/POL transgenic plants, the expected size of POL without signal peptide 
is 14kDa and a band with similar size was detected in line 21，using polyclonal 
anti-POL antibody. For 35S/SPPOL/POL transgenic plants, the calculated mass of POL 
with signal peptide is about 17kDa. However, in western blot analysis, the size of the 
detected band was about 14kDa, suggesting that the POL signal peptide is cleaved 
leading to a 3kDa reduction in molecular weight. The estimated expression level of 
P O L in 3 5 S / P O L and 35S/SPPOL/POL constructs were 0.2% and 0 . 1 % of total 
extractable leaf protein, respectively. 
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(B) 35S/POL Transgenic rice 35S/SProiyPOL transgenic rice Purifiied POL protein 
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Figure 4-12 Western blot analysis of 3 5 S / P O L and 35S/SPPOL/POL 
transgenic rice 
(A) Total leaf protein (10|Lig) was resolved in Tricine SDS-PAGE. 
(B) Resolved total leaf protein (lOOjig) was transferred to 
nitrocellulose membrane for detection, using polyclonal 
rabbit anti-POL antibody. To estimate the expression level, 
0.1 i^ g and 02\x.g purified POL protein were loaded 
simultaneously. The numbers represent the transgenic line of 
each construct. 
Key : WT : wild type japonica rice(cultivar 9983); M : Precision Plus 
Protein Dual Color Standards (Bio-Rad). 
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4.3.5 Western blot analysis of 35S/POL T, plant 
Among the three transgenic lines of 35S/POL construct, protein expression of 
POL was only detected in transgenic line 21. Therefore, the To seed of transgenic line 
21 was grown in greenhouse and the leaves of T! plant was excised for protein 
extraction to identify POL expression in Ti generation. The expression level of Ti 
plant was 0.2% of total extractable leaf protein (Fig4-13), similar to the expression of 
To plant. 
( A ) WT 21-1 M (B ) 
J"""'" ‘ Purified POL protein 
WT 21-1 0.1 ug 0.2ug M 
一 -
: b： 
Figure 4-13 Western blot analysis of 35S/POLTi plant 
(A) Total leaf protein (lOfig) was resolved in Tricine SDS-PAGE. 
(B) Resolved total leaf protein (100|ig) was transferred to nitrocellulose 
membrane for detection, using polyclonal rabbit anti-POL antibody. 
To estimate the expression level, 0.1|_ig and 0.2|ag purified POL 
protein were loaded simultaneously. 
Key : 21-1: Ti plant of 35S/POL line 21; WT : wild type japonica rice 
(cultivar 9983); M : Precision Plus Protein Dual Color Standards 
(Bio-Rad). 
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4.4 Seed-specific expression of POL in rice 
Except using constitutional promoter, seed-specific promoter of glutelin-1 (Gtl), 
was also used to drive the expression of five chimeric gene constructs. Protein 
expressed in rice seed can be stored in a stable environment for long time. Also, in 
some previous studies using rice as bioreactor, recombinant protein of high yield in 
rice seed had been achieved. Thus, the seed-specific and strong Gtl promoter was 
chosen and five constructs were designed for comparing the expression level of POL 
with the constructs driven by CaMV 35S promoter. 
To achieve high expression of recombinant protein in rice, three strategies were 
used: addition of signal peptide in front of POL, expression of glutelin and POL 
fusion protein and addition of targeting determinants to the C terminal of POL. The 
three targeting determinants used in this study included a-tonoplast intrinsic protein 
(a-TIP) transmembrane domain (TMD) with cytoplasmic tail (CT), a-TIP TMD with 
Binding protein of 80kDa (BP-80) CT and Receptor homology region-transmembrane 
domain Ring-H2 motif protein (RMR) TMD with CT. 
Similar to CaMV 35S constructs, chimeric gene constructs were transformed into 
Agrobacterium and rice transformation were performed. Regenerated plants were 
analyzed by Southern, northern and western blot analysis. POL mRNA and protein 
would only expressed in rice seed due to the usage of Gtl promoter, rice seeds were 
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collected for northern and western blot analysis while rice leaves were used for 
Southern blot analysis. Besides, for targeting constructs, the inheritance and 
expression of transgene in Ti plant were studied and the localization of POL in rice 
seed was analyzed by confocal immunofluorescence microscopy. To analyzing the 
antiviral activity of rice-derived POL, cytopathic effect reduction assay was carried 
out, using rice seed of the Gtl/SPpoL/POL construct. 
4.4.1 Construction of the glutelin-1 promoter constructs 
The five chimeric gene constructs including POL cDNA with signal peptide 
sequence, protein targeting determinants group and glutelin/POL fusion (Figure 
4-13A) were prepared and the presence of POL cDNA in constructs were confirmed 
by PGR amplification, using specific primer (Table 3-1). Also, their transformation 
into A. tumefaciens again were checked by PGR amplification (Figure 4-13B) after 
carrying out DNA sequencing. For convenience, the transgenic rice transformed with 
pSB130/Gtl/SPpoL/POL/Nos, pSBnO/Gtl/SPoti/POL/BP-SOcT/BP-SOiMD/Nos, 
p S B 130/Gt l /SPGT 丨/POL/BP-SOCT/CC-TIPTMD/NOS. 
pSB 1 SO/Gtl/SPcti/POL/RMRcT/RMRiMD/Nos and pSBHO/Gtl/SPoti/AB-POL/Nos 
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Figure 4-14 Construction of Glutelin-l promoter constructs 
(A) Structure of the five chimeric gene constructs and the size of 
transgene were indicated. 
(B) PGR amplification of POL cDNA (with or without signal 
peptide sequence), using plasmid of E. coli and Agrobacterium 
as template, was performed and resolved in 1% agarose gel. 
Primer sets used for PGR amplification were described in Table 
3-1. 
Key : 1: pSB130/Gtl/SPpoL/POL/Nos; 
2: pSB 130/Gtl/SPGti/POL/BP-80/Nos; 
3: pSB130/Gtl/SPGti/POL/ a-TIP/Nos; 
4: pSB130/Gtl/SPGti/POL/RMR/Nos ； 
5: pSB 130/Gt 1 /SPoti/AB-POL/Nos; A represents PGR 
amplification results from plasmid of E. coli and B represents 
results from plasmid of transformed Agrobacterium; M : 1 kb plus 
DNA ladder (Invitrogen) 
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4.3.2 Southern blot analysis 
After completion of constructs and transformation into Agrobacterium, the five 
chimeric gene constructs driven by glutelin-1 promoter (Gtl/SPpot/POL, POL-BP-80, 
POL-a-TIP, POL-RMR and AB-POL) were used for transforming japonica rice by 
Agrobacterium-mQdidAQd method and the integration of POL cDNA and HPT genes 
into rice genome of transgenic rice were detected by Southern blot (Figure 4-14 to 
Figure 4-16)，using POL cDNA and HPT as probe. Besides, the copy numbers of 
transgenes were estimated and the results indicated that three to seven independent 
transformants of each construct were obtained. 
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Figure 4-15 Southern blot analysis of Gtl/SPpoiTPOL transgenic 
rice 
Genomic DNA (lOfig) was digested with BamHI, resolved in 1% 
agarose gel and transferred on nylon membrane for detection, using 
POL cDNA and HPT as probe. The integration and copy number(s) 
of POL gene (upper panel) and HPT gene (lower panel) in each line 
were shown. The numbers represent the line number of transgenic 
rice. 
Key： WT: wild type japonica rice (cultivar 9983); +ve: positive 
control, plasmid pSB130/Gtl/SPpoL/POL; M : DNA Molecular 
Weight Marker III, DIG-labeled (Roche). 
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Figure 4-16 Southern blot analysis of AB-POL and POL-BP-80 
transgenic rice 
Genomic DNA (10|j.g) was digested with BamHI, resolved in 1% 
agarose gel and transferred on nylon membrane for detection, using 
POL cDNA and HPT as probe. The integration and copy number(s) 
of POL gene (upper panel) and HPT gene (lower panel) in each line 
were shown. The numbers represent the line number of transgenic 
rice. 
Key: WT: wild type Japomca (culitvar 9983); 1+ve: positive control, 
plasmid pSBlBO/Gtl/SPoti/AB-POL/Nos; 2+ve : positive control, 
plasmid pSB130/Gtl/SPGti/POL/BP-80cT/BP-80TMD/Nos; M : DNA 
Molecular Weight Marker III，DIG-labeled (Roche). 
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Figure 4-17 Southern blot analysis of POL-a-TIP and POL-RMR 
transgenic rice 
Genomic DNA (10|ig) was digested with BamHI, resolved in 1% 
agarose gel and transferred on nylon membrane for detection, using 
POL cDNA and HPT as probe. The integration and copy number(s) 
of POL gene (upper panel) and HPT gene (lower panel) in each line 
were shown. The numbers represent the line number of transgenic 
rice. 
Key: WT: wild type faponica (culitvar 9983); 1+ve: positive control, 
plasmid pSB130/Gtl/SPGti/POL/BP-80cT/a-TIPTMD/Nos; 2+ve : 
positive control, plasmid pSBnO/Gtl/SPoti/RMRcT/RMRTMo/Nos; 
M : DNA Molecular Weight Marker III，DIG-labeled (Roche). 
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4.4.3 Northern blot analysis 
To detect the expression of POL in transgenic rice at transcriptional level, total 
RNA was extracted from immature seeds of the five constructs and northern blot was 
performed, using POL cDNA as probe. 
For Gtl/SPpot/POL construct, an 800b band was detected in transgenic line 12 
(Figure4-17), where the size of detected band is similar to the one of 35S/POL and 
35S/SPPOL/POL construct. 
Also, total RNA was extracted from two independent lines ofPOL-BP-80 and 
POL-a-TIP constructs. Using POL cDNA as probe, an 800b band was detected in 
both constructs (Figure4-18). The expected size of transcripts in both constructs are 
about 800b, composed of glutelin signal peptide (36bp)，NOS terminator (207bp) and 
POL cDNA (397bp) linked to either BP-80 TMD and CT (189bp) or a-TIP TMD and 
CT (144bp). Besides, the rice seed total RNA was also extracted from Ti and T2 
generation of POL-RMR immature seeds and the expression of transgene POL was 
detected at transcriptional level (Figure4-19). There were POL mRNA expression in 
the POL-RMR To and Ti generation and the size of the transcript was about 1.5kb. 
This result agrees with our expected size that total length of POL cDNA (397pb), 
glutelin signal peptide (36bp) and RMR cDNA (894bp) transcript is 1307b. 
Lastly, for the glutelin/POL fusion construct (AB-POL), among the four 
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independent lines tested, three of them showed positive results in northern blot and 
the size of transcript was about 2.4kb. No POL mRNA expression was detected in 
transgenic line A which may be due to degradation of sample or low mRNA 
expression level (Figure4-20). In summary, POL cDNA could be expressed at mRNA 
level for all constructs driven by glutelin-l promoter. 
( A ) Transgenic line 
12 WT M 
(B) Transgenic line 
12 WT M 
‘ --L28kb 
t ‘ . ； 
Figure 4-18 Northern blot analysis of Gtl/SPpoiTPOL transgenic 
rice 
(A) Rice seed total RNA (4|ig) was resolved in 1% agarose/ 
formaldehyde gel. 
(B) Resolved RNA was transferred on nylon membrane for 
detection, using POL cDNA as probe. The number represents 
the line number of transgenic rice. 
Key ： 12 : Gtl/SPpoiTPOL transgenic line; WT : wild ty沪 japonica 
rice (cultivar 9983); M : 0.15kb-1.77kb RNA ladder (Invitrogen). 
97 
(A) POL-BP-SO transgenic lines POL-a-TIP transgenic lines 
WT M B C D G 
(B) POL-BP-80 transgenic lines POL-a-TIP transgenic lines 
WT M B C D G 
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Figure 4-19 Northern blot analysis of POL-BP-80 and POL-a-TIP 
transgenic rice 
(A) Rice seed total RNA (4|ig) was resolved in 1% agarose/ 
formaldehyde gel. 
(B) Resolved RNA was transferred on nylon membrane for 
detection, using POL cDNA as probe. The alphabet represents 
the line of transgenic rice. 
Key : B and C : POL-BP-80 independent transgenic lines; D and G : 
POL-a-TIP independent transgenic lines; WT : wild type japonica 
rice (cultivar 9983); M : 0.15kb-1.77kb RNA ladder (Invitrogen). 
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POL-RMR transgenic rice 
(A) "A T^ WT M 
POL-RMR transgenic rice 
(B) A A-2 WT M 
Figure 4-20 Northern blot analysis of POL-RMR T, and T2 
transgenic rice 
(A) Rice seed total RNA (4|ig) was resolved in 1% agarose/ 
formaldehyde gel. 
(B) Resolved RNA was transferred on nylon membrane for detection, 
using POL cDNA as probe. 
Key : A : Ti seed of POL-RMR transgenic line A; A-2 : T2 seed of 
POL-RMR transgenic line A; WT : wild type japonica rice (cultivar 
9983); M : 0.15kb-1.77kb RNA ladder (Invitrogen). 
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Figure 4-21 Northern blot analysis of AB-POL transgenic rice 
(A) Rice seed total RNA (4|Lig) was resolved in 1% agarose/ 
formaldehyde gel. 
(B) Resolved RNA was transferred on nylon membrane for 
detection, using POL cDNA as probe. The number represents 
the line number of transgenic rice. Line B and D belong to 
same transgenic line. 
Key : IC, A, B, 5: independent transgenic lines; WT : wild type 
japonica rice (cultivar 9983); M : 0.24kb-9.5kb RNA ladder 
(Invitrogen). 
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4.4.3 Northern blot analysis 
The main goal of this project is to express anti-viral protein, POL, in rice for 
biotechnological applications. By using different strategies to design tge expression 
constructs, we hoped that high protein expression would be achieved. To identify and 
estimate the expression level of POL in rice, total seed protein of individual 
transformants harboring the five chimeric gene constructs were extracted for western 
blot analysis, using polyclonal anti-POL antibody and the expression of POL in each 
transgenic lines were estimated by using purified POL as standard. 
POL has a molecular weight of 14kDa while the calculated mass of POL protein 
translated with signal peptide is 17kDa. In western blot analysis of Gtl/SPpot/POL 
transgenic rice (Figure 4-21), two extra bands (14kDa and 17kDa) were detected 
suggesting the possibility that some POL translated with signal peptide was cleaved in 
rice seeds and thus, producing a 14kDa protein; but some did not and remained as 
17kDa proprotein (Figure 4-21). The ratio of cleaved and uncleaved POL protein 
varied between lines or even seeds. The expression level of POL in Gtl/SPpoiTPOL 
transgenic rice ranged from 1.4% to 2% of the total extractable protein. 
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Figure 4-22 Western blot analysis of Gtl/SPpoL/POL transgenic rice 
(A) Rice total seed protein (10|ag) was resolved in Tricine 
SDS-PAGE. 
(B) Resolved total seed protein (50|ig) was transferred to 
nitrocellulose membrane for detection by using polyclonal 
rabbit anti-POL antibody. To estimate the expression level, 
0.1 jag -0.5|ig purified POL protein were loaded together. The 
POL protein without signal peptide (14kDa) was indicated by 
arrow ( •)and possible POL proprotein (17kDa) was 
indicated by asterisk (*). 
Key : 3 A and 3B : two rice seeds of transgenic line 3; 12 : Rice seed 
of transgenic line 12; WT : wild type japonica rice (cultivar 9983); 
M : Precision Plus Protein Dual Color Standards (Bio-Rad). 
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For the three protein targeting sequences fusion constructs, POL cDNA with 
glutelin signal peptide was fused with either BP-80 cytoplasmic tail and 
transmembrane domain (POL-BP-80), BP-80 CT and a-TIP TMD (POL-a-TIP) or 
RMR CT and TMD (POL-RMR). The seeds of transgenic plants were harvested and 
protein was extracted with extraction buffer containing 2% SDS. 
For POL-BP-80 and POL-a-TIP transgenic plants, the calculated molecular 
weights of both fusion protein are 24kDa. From western blot analysis of POL-BP-80, 
compared with the wild type, an extra protein band of was 24kDa was detected in 
transgenic rice (Figure 4-22). Furthermore, the POL/BP-80 fusion protein could be 
recognized by both anti-POL and anti-BP-80 CT antibodies (Figure 4-20). This 
showed that the POL was translated with the fused targeting determinants and no 
cleavage between POL and targeting determinants occurred. Besides, the expressed 
fusion proteins were only presence in membrane fraction of seed protein. For 
POL-a-TIP, similar results were obtained in that an extra 24kDa band was detected in 
membrane fraction of seed protein, using anti-POL antibody (Figure 4-23), as 
compared to wild type. 
The expression levels of POL in POL-BP-80 transgenic lines (lines B and C) 
were estimated, using purified POL of different concentrations as standard. Line C has 
a higher expression level than line B in that the expression levels of POL in lines B 
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and C are 0.1-0.2% and 0.25-0.4% of total extractable protein, respectively (Figure 
4-24 and 4-25). 
For POL-a-TIP transgenic plants, three independent lines (lines D, G and I) were 
investigated (Figure 4-26, 4-27 and 4-28). The expression levels of POL in lines D, G 
and I are 0.15%-0.2%, 0.2-0.4% and 0.15% of total extractable protein, respectively. 
The expression level of each transgenic plant slightly varied between seeds. 
For POL-RMR transgenic plants, the calculated molecular weight of POL/RMR 
fusion protein is 48kDa. However, no extra band were detected in two transgenic lines 
studied in comparsion to wild type (data not shown). This suggested that no fusion 
protein were expressed at protein level, though fused POL and RMR mRNA was 
detected in northern blot analysis. Or, the expression level of fusion protein is too low 
to be detected in western blot analysis. 
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Figure 4-23 Cytolocation analysis of POL-BP-80 transgenic rice 
Resolved total seed protein (100|ig) was transferred to 
nitrocellulose membrane for detection by using polyclonal rabbit 
anti-POL antibody (upper panel) and polyclonal rabbit anti-BP-80 
CT antibody (lower panel). CS represents soluble seed protein and 
CM represents insoluble seed protein. A 24kDa band (*) was 
detected in the CM fraction of B27 and B28. 
Key : B27 to B29 : three Independent rice seeds of line B; WT : wild 
type japonica rice (cultivar 9983); +ve : 0.2|^g purified POL protein; 
M : Precision Plus Protein Dual Color Standards (Bio-Rad). 
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Figure 4-24 Cytolocation analysis of POL-a-TIP transgenic rice 
Resolved rice total seed protein (100jug) was transferred to 
nitrocellulose membrane for detection by using polyclonal rabbit 
anti-POL antibody. CS represents soluble seed protein and CM 
represents insoluble seed protein. Only the CM fraction of D24 and 
D26 showed an extra 24kDa band (*). 
Key : D24-D26 : three Independent rice seeds of line D; WT : wild 
type japomca rice (cultivar 9983); +ve : 0.2|^g purified POL protein; 
M : Precision Plus Protein Dual Color Standards (Bio-Rad). 
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Figure 4-25 Expression analysis of POL-BP-80 transgenic rice line B 
(A) Rice total seed protein(10}ig) was resolved in Tricine 
SDS-PAGE. 
(B) Resolved total seed protein (100|ig) was transferred to 
nitrocellulose membrane for detection by using polyclonal rabbit 
anti-POL antibody. To estimate the expression level, 0.2|ig -0.6|Lig 
purified POL protein were loaded simultaneously. The expected 
fusion protein (24kDa) was indicated by asterisk (*). 
Key : B29-B33 : four rice seeds of transgenic line B; WT : wild type 
japonica rice(cultivar 9983); M : Precision Plus Protein Dual Color 
Standards (Bio-Rad). 
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Figure 4-26 Expression analysis of POL-BP-80 transgenic rice line C 
(A) Rice seed total protein(10|ig) was resolved in Tricine 
SDS-PAGE. 
(B) Resolved total seed protein (100|ag) was transferred to 
nitrocellulose membrane for detection, using polyclonal rabbit 
anti-POL antibody. To estimate the expression level, 0.2|ag -0.6|ig 
purified POL protein were loaded together. The expected fusion 
protein (24kDa) was indicated by asterisk (*). 
Key : C24-26, C28-29 : five Independent rice seeds of transgenic line 
C; WT : wild type japonica (cultivar 9983); M : Precision Plus Protein 
Dual Color Standards (Bio-Rad). 
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Figure 4-27 Expression analysis of POL-a-TIP transgenic rice line D 
(A) Rice total seed protein (10|j,g) was resolved in Tricine 
SDS-PAGE. 
(B) Resolved total seed protein (100|ig) was transferred to 
nitrocellulose membrane for detection, using polyclonal rabbit 
anti-POL antibody. To estimate the expression level, 0.1 |ig 
-0.4|ig purified POL protein were loaded together. The expected 
fusion protein (24kDa) was indicated by asterisk (*). 
Key : D27-30, 32 : five Independent rice seeds of transgenic line D; 
WT : wild type japonica rice(cultivar 9983); M : Precision Plus 
Protein Dual Color Standards (Bio-Rad). 
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Figure 4-28 Expression analysis of POL-a-TIP transgenic rice line G 
(A) Rice total seed protein (lO^ig) was resolved in Tricine 
SDS-PAGE. 
(B) Resolved total seed protein (100|ag) was transferred to 
nitrocellulose membrane for detection, using polyclonal rabbit 
anti-POL antibody. To estimate the expression level, 0.1 |ig 
-0.4|ag purified POL protein were loaded together. The expected 
fusion protein (24kDa) was indicated by asterisk (*). Only G26 
and G29 showed positive signals. 
Key : G26-29 : 4four Independent rice seeds of transgenic line G; 
WT : wild type Japonica rice (cultivar 9983); M : Precision Plus 
Protein Dual Color Standards (Bio-Rad). 
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Figure 4-29 Expression analysis of POL-a-TIP transgenic rice line I 
(A) Rice total seed protein (10|ig) was resolved in Tricine 
SDS-PAGE. 
(B) Resolved total seed protein (lOO^g) was transferred to 
nitrocellulose membrane for detection, using polyclonal rabbit 
anti-POL antibody. To estimate the expression level, 0.1 }ig 
-0.4|Ag purified POL protein were loaded simultaneously. The 
expected fusion protein (24kDa) was indicated by asterisk (*). 
All samples showed positive signals. 
Key : 11-4 : four Independent rice seeds of transgenic line I; WT: wild 
type japonica rice (cultivar 9983); M : Precision Plus Protein Dual 
Color Standards (Bio-Rad). 
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Except fusing POL with targeting determinants, POL cDNA was also inserted 
into the basic subunit of glutelin aiming at higher POL expression level. In previous 
studies of expressing glutelin and lysine-rich protein (LRP) fusion protein in rice, high 
expression level of fusion protein was achieved and LRP was accumulated up to 30% 
of total seed protein. In glutelin and POL fusion constructs (AB-POL), strong mRNA 
signal was detected in northern blot analysis. 
For the AB-POL constructs, four independent lines were obtained and three of 
them were used for western analysis. Mature seeds were harvested and total seed 
proteins were extracted with total protein extraction buffer containing 4% SDS, 4M 
urea and 5% p-mercaptoethanol. Due to the presence of above chemicals, protein 
concentration could not be quantified by DC Protein assay kit (Bio-Rad). Thus, the 
protein expression level of this construct is estimated as percentage of amount of POL 
per dry seed weight, instead of percentage of amount of POL per total extractable 
protein. For transgenic lines with high expression level, the amount of POL was 
estimated via comassie blue-stained gel while those with low expression level, due to 
invisible of protein band (fusion protein), expression level was estimated by western 
blot analysis. 
The molecular weight of glutelin precursor and POL is 55kDa and 14kDa, 
respectively. From western blot analysis, a band with size of 70kDa was detected in 
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transgenic rice B, using anti-POL antibody and anti-glutelin antibody. Also, a 70kDa 
band, with the size of glutelin and POL fusion protein, was observed in Tricine-SDS 
gel stained with comassie blue. Similar result was obtained in line IC, their 
expression level was thus estimated by stained gel. 
Among the transgenic lines analyzed, the estimated expression level of POL was 
high in transgenic lines IC and B, with 2.64mg-3.76mg POL and 2.57mg-3.70mg 
POL per Ig mature seed, respectively (Figure 4-29, 4-30). Expression level of 
transgenic line A is the lowest, which contains 0.059-0.089mg POL in Ig mature rice 
seed (Figure 4-31). 
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Figure 4-30 Expression analysis of AB-POL transgenic line B 
(A) Rice total seed protein and BSA was resolved in Tricine 
SDS-PAGE. BSA was used for estimating amount of POL in 
samples. The expected 70kDa band was indicated by asterisk (*). 
(B) Resolved total seed protein was transferred to nitrocellulose 
membrane for detection by using polyclonal rabbit anti-POL 
antibody. To estimate the expression level, 0.2|ig -0.6|^g purified 
POL proteins were loaded together. The expected glutelin and 
POL fusion protein (~70kDa) was indicated by asterisk (*). 
(C) Same amount of total seed protein as (B) was resolved in Tricine 
SDS-PAGE, transferred to nitrocelluose membrane and detected 
by using polyclonal rabbit anti-glutelin antibody. The expected 
glutelin and POL fusion protein (~70kDa) was indicated by 
asterisk (*). The 55kDa glutelin precursor and 33kDa acidic 
subunit were indicated by arrow ( a n d hash (#), respectively. 
Key : B6-B8, BIO : four rice seeds of transgenic line B; WT : wild 
type japonica rice (cultivar 9983); M : Precision Plus Protein Dual 
Color Standards (Bio-Rad). 
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Figure 4-31 Expression analysis of AB-POL transgenic line IC 
(A) Rice total seed protein and BSA protein was resolved in Tricine 
SDS-PAGE. BSA was used for estimating amount of POL in 
samples. The 70kDa extra band was indicated by asterisk (*). 
(B) Resolved total seed protein was transferred to nitrocellulose 
membrane for detection, using polyclonal rabbit anti-POL 
antibody. To estimate the expression level, 0.4^g purified POL 
protein was loaded together. The expected glutelin and POL 
fusion protein (~70kDa) was indicated by asterisk (*). 
Key : lC-6, lC-8 and lC-9: three rice seeds of transgenic line IC; 
WT : wild type japonica rice (cultivar 9983); M : Precision Plus 
Protein Dual Color Standards (Bio-Rad). 
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Figure 4-32 Expression analysis of AB-POL transgenic line A 
(A) Rice total seed protein was resolved in Tricine SDS-PAGE gel. 
(B) Resolved total seed protein was transferred to nitrocellulose 
membrane for detection, using polyclonal rabbit anti-POL 
antibody. To estimate the expression level, 0.1|dg-0.4)ag purified 
POL protein were loaded simultaneously. The expected glutelin 
and POL fusion protein (�70kDa) was indicated by asterisk (*)• 
Key : A16 to A19: four rice seeds of transgenic line A; WT: wild type 
japomca rice (cultivar 9983); M : Precision Plus Protein Dual Color 
Standards (Bio-Rad). 
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4.4.5 Western blot analysis of POL-BP-80 and POL-a-TIP T, 
transgenic plants 
Since POL could be expressed in rice seeds and leaves successfully by using 
different chimeric gene constructs, large amounts of rice seed are needed for further 
assays, such as cytopathic effect reduction assay. Therefore, Ti plant of POL-BP-80 
and POL-a-TIP were grown in greenhouse for T2 seed collection. 
To test for inheritability of POL in rice, seeds ofPOL-BP-80 and POL-a-TIP T, 
plants were collected and western blot analysis was performed. Two Seeds 
(designated as B-2 and B-5) of POL-BP-80 transgenic line B were grown in 
greenhouse and rice seeds of both plants were harvested for analysis. Similar to the 
western blot results of POL-BP-80 To seeds, band of 24kDa in size were detected in 
T2 rice seeds and the expression level of POL ranged from 0.1% to 0.5% of total 
extractable protein (Figure 4-32 and 4-33). For the POL-a-TIP construct, two Ti 
plants (designated as D-3 and D-10) were grown for seed collection. Again, extra 
24kDa band was detected in transgenic rice and the expression level of POL in T2 
seeds was 0.1%-0.2% of total extractable protein (Figure 4-34 and 4-35). 
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Figure 4-33 Expression analysis of POL-BP-80 transgenic line B-2 
T2seeds 
(A) Rice total seed protein (lO^ig) was resolved in Tricine 
SDS-PAGE. 
(B) Resolved total seed protein (lOO^ig) was transferred to 
nitrocellulose membrane for detection, using polyclonal 
rabbit anti-POL antibody. To estimate the expression level, 
0.2|j.g -0.4|ig purified POL protein were loaded together. The 
expected fusion protein (24kDa) was indicated by asterisk (*). 
Key : B-2-1 to B-2-5 : five T2 rice seeds of transgenic line B-2; WT: 
wild type japonica rice (cultivar 9983); M : Precision Plus Protein 
Dual Color Standards (Bio-Rad). 
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Figure 4-34 Expression analysis of POL-BP-80 transgenic line B-5 
T2seeds 
(A) Rice total seed protein (10|ag) was resolved in Tricine 
SDS-PAGE. 
(B) Resolved total seed protein (lOOfig) was transferred to 
nitrocellulose membrane for detection, using polyclonal 
rabbit anti-POL antibody. To estimate the expression level, 
0.2|j.g -0.6|j,g purified POL protein were loaded together. The 
expected fusion protein (24kDa) was indicated by asterisk (*). 
Key : B-5-1 to B-5-5 : five T2 rice seeds of transgenic line B-5; WT: 
wild type Japonica rice (cultivar 9983); M : Precision Plus Protein 
Dual Color Standards (Bio-Rad). 
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Figure 4-35 Expression analysis of POL-a-TIP transgenic line D-3 
T2seeds 
(A) Rice total seed protein (10|ig) was resolved in Tricine 
SDS-PAGE. 
(B) Resolved total seed protein (100|ag) was transferred to 
nitrocellulose membrane for detection, using polyclonal 
rabbit anti-POL antibody. To estimate the expression level, 
0.2^g -0.6|ag purified POL protein were loaded together. The 
expected fusion protein (24kDa) was indicated by asterisk (*). 
Key : D-3-2 to D-3-5 : four T2 rice seeds of transgenic line D-3; WT: 
wild type japonica rice (cultivar 9983); M : Precision Plus Protein 
Dual Color Standards (Bio-Rad). 
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Figure 4-36 Expression analysis of POL-a-TIP transgenic line D-10 
T2 seeds 
(A) Rice total seed protein (lOfig) was resolved in Tricine 
SDS-PAGE. 
(B) Resolved total seed protein (100|ag) was transferred to 
nitrocellulose membrane for detection by using polyclonal 
rabbit anti-POL antibody. To estimate the expression level, 
0.1 lag -0.2|ag purified POL protein were loaded together. The 
expected fusion protein (24kDa) was indicated by asterisk (*). 
Key : D-10-7 to D-10-10 : four T2 rice seeds of line D-10; WT: wild 
type japonica rice(cultivar 9983); M : Precision Plus Protein Dual 
Color Standards (Bio-Rad). 
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4.5 Cytopathic effect (CPE) reduction assay 
In order to verify the anti-viral activity of rice-derived POL, CPE reduction assay 
was carried out against three viruses (herpes simplex virus type 1, strain 15577; 
respiratory syncytial virus, long strain and influenza A virus). Since the presence of 
detergents and denaturing chemicals, such as SDS and urea, in protein samples might 
affect the growth of cells and solubilize the membrane proteins of cell wall, soluble 
protein extraction buffer (O.IM Tris, 0.3M NaCl, 2mM EDTA, pH 7.4) was used 
instead of total protein extraction buffer which contained SDS. Therefore, rice-derived 
POL could only be extracted from Gtl/SPpot/POL transgenic seeds, using soluble 
protein extraction buffer while in POL-BP-80, POL-a-TIP and AB-POL constructs, 
POL was expressed as insoluble fusion protein. 
Soluble rice protein was extracted from 0.5g mature seeds of Gtl/SPpoi/POL To 
plants or rhizomes of dried Yu Chu. The soluble protein from Yu Chu was used as a 
positive control to confirm that POL could be extracted using this method and no 
alternation of its anti-viral activity occurred during extraction. The amount of POL in 
rice and Yu Chu were detected by western blot (Figure 4-36), which was 
approximately 0.75^ig and 2\.Lg per lOOfig soluble protein, respectively. Then, the 
freeze-dried soluble proteins were used for CPE assay (Appendix A). 
Different concentrations of samples were incubated with cells for testing their 
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inhibitory effect of viral infection. The highest and lowest concentrations of rice 
sample used in assay were 500|^g/mL and 15.625^g/mL, while for protein sample 
from Yu Chu, the lowest concentration tested was 4|^g/mL. Then, the IC50, 
concentration required for inhibiting viral infection by 50%, of samples was 
measured. 
No inhibitory effect on three viruses was found when the cell lines were 
incubated with soluble protein extracted from neither wild type plants nor soluble 
protein extraction buffer. This showed that the extraction buffer used does not contain 
any chemcials which may affect the accuracy of assay. Furthermore, rice seeds do not 
contain any endogenous soluble protein which has inhibitory activity on these three 
viruses or the activity is too low. 
Soluble protein from transgenic rice (Gtl/SPpoi/POL line 12) showed potency on 
inhibiting HSV-1 and RSV with IC50 of 125|ag/mL and 417|ag/mL, respectively. 
However, for the assay on influenza A virus, since sample concentration tested was 
out of range, IC50 of transgenic rice sample was over 500|j.g/mL. At concentration of 
500|j,g/mL, about 35% of cells were protected from viral infection. 
For soluble protein extracted from rhizome of Yu Chu, strong inhibitory effect on 
viral infection was shown. Most of the cells are protected from RSV and HSV-1 
infection even at the minimum concentration (4|ig/mL) while IC50 against influenza A 
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virus was 11.7|^g/mL. In general, the soluble protein from Yu Chu has stronger viral 
inhibitory effect than those from transgenic mature rice seeds. 
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Figure 4-37 Western analysis of rice and Yu Chu soluble protein 
(A) Soluble rice protein (100|.ig) of wild type rice and transgenic 
rice (Gtl/SPPOL/POL line 12) were resolved by tricine 
SDS-PAGE and transferred on nitrocellulose membrane for 
detection. 
(B) Soluble protein of rhizome of Yu Chu (20|ig) was resolved by 
tricine SDS-PAGE and transferred on nitrocellulose membrane 
for detection. 
The presence of POL was detected by polyclonal rabbit anti-POL 
antibody and purified POL proteins were run simultaneously for 
estimating the amount of POL. The 12kDa POL (indicated by 
asterisk, *) and ISkDa POL proprotein (indicated by 
arrow, ~ • )were detected in transgenic rice while only 12kDa 
protein was detected in Yu Chu sample. 
Key: Line 12: Soluble rice protein from Gtl/SPpoiTPOL line 12; 
WT: wild type japonica rice (cultivar 9983); Yu Chu: Soluble 
protein extracted from rhizome of dried Yu Chu ； M: Precision Plus 
Protein Dual Color Standards (Bio-Rad). 
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4.6 Confocal immunofluorescence studies 
The expression level of POL in POL-BP80 and POL-a-TIP was studied by 
western blot, but for cytolocation studies on these two protein products, we found that 
the fusion proteins, were only detected in insoluble seed protein fraction. Since it is 
the first time for BP-80 CT, BP-80 TMD and a-TIP TMD to be used for targeting 
recombinant protein in rice system, it is interesting to investigate the localization of 
recombinant protein in rice seeds. 
In this experiment, mature rice seeds of POL-BP80 and POL-a-TIP constructs 
were used to study the localization of POL in cells of aluerone layer, where less starch 
is deposited compared to endosperm. As mentioned in Section 2.5.2, glutelin is the 
main storage protein in rice seeds and it accumulates in protein bodies II. Thus, to 
reveal the localization of POL in rice seeds, glutelin was labeled in green color, using 
polyclonal anti-glutelin antibody and FITC-conjugated anti-rabbit antibody and POL 
in red color, using polyclonal anti-POL antibody and rhodamine-conjugated 
anti-rabbit antibody. The cross-reactivity of anti-POL antibodies with wild type seeds 
was investigated and no cross-reactivity was found under optimum conditions (See 
section 3.9，figure 4-38, 4-40). As a result, signals observed in transgenic rice would 
due to the presence of POL. 
For POL-BP80 construct, two mature seeds from different transgenic lines were 
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studied and both gave similar results. As shown in Figure 4-39 (Panel B to E), the 
glutelin signal (green) and POL signal (red) were colocalized as concentric ring-like 
structure, which gave yellow color in colocalized regions. Similar result was observed 
in seed of POL-a-TIP construct, again, signal in circular shape was found in sample 


































Figure 4-38 Reactivity of antibodies with wild type and POL-BP80 
transgenic seeds 
Wild type seed was used as control and transgenic mature seed from 
POL-BP80 construct line B was studied. For Panel A and C, only 
Fab Rhodamine-conjugated anti-rabbit antibody and 
FITC-conjugated anti-rabbit antibody were added. For Panel B and 
D，anti-POL antibody, Fab Rhodamine-conjugated anti-rabbit 
antibody and FITC-conjugated anti-rabbit antibody were added. 
POL signal (red) is observed only in transgenic seed (Panel D) but 
























































Figure 4-39 Localization of POL in POL-BP80 transgenic seeds 
Wild type seed was used as control and two transgenic mature seeds 
from POL-BP80 construct line B and C were studied. All four 
antibodies were added in each sample. Cicular POL signal (red) was 
observed only in transgenic seed (Panel B to E) but not in wild type 
(Panel A) while glutelin siganl (green) was observed in all samples. 
Colocalized regions were shown in yellow. For Panel C and E, 
magnified images were captured. DIG, differential interface 












































Figure 4-40 Reactivity of antibodies with wild type and POL-a-TIP 
transgenic seeds 
Wild type seed was used as control and transgenic mature seed from 
POL-a-TIP construct line D was studied. For Panel A and C, only 
Fab Rhodamine-conjugated anti-rabbit antibody and 
FITC-conjugated anti-rabbit antibody were added. For Panel B and 
D, anti-POL antibody, Fab Rhodamine-conjugated anti-rabbit 
antibody and FITC-conjugated anti-rabbit antibody were added. 
Strong circular POL signal (red) was observed only in transgenic 
seed (Panel D) but not in wild type (Panel B). DIG, differential 
interface contrast. Bar size, 50um. 
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Figure 4-41 Localization of POL in POL-OrTIP transgenic seeds 
Wild type seed was used as control and transgenic mature seed from 
POL-a-TIP construct line D was studied. All four antibodies were 
added in each sample. Cicular POL signal (red) was observed only 
in transgenic seed (Panel B and C) but not in wild type (Panel A) 
while circular glutelin siganl (green) was observed in all samples. 
Colocalized regions were shown in yellow. For Panel C, magnified 
images were captured. DIC, differential interface contrast. Bar size, 
50um. 
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Chapter 5 Discussion 
5.1 Cloning of POL cDNA 
The cDNA sequence of POL was revealed by RACE, using RNA extracted from 
rhizome of Yu Chu as template. The open reading frame of POL was cloned, using 
specific primers and twelves clones were chosen for analysis. Based on sequencing 
results, the difference in DNA sequence was observed in eight clones out of twelve. It 
indicates that POL is encoded by a family of closely related genes. This phenomenon 
is common in Amaryllidaceous mannose-binding lectin (Van Damme et a/., 1992). 
Among the eight cDNA clones studied, which share high sequence similarity between 
each other at both DNA and protein levels, clone 5 showed the highest similarity with 
PMA and PCL. Although the mechanism of lectins against virus infection is still 
unknown, several studies showed that protein structure is critical for binding specific 
sugars and this specificity contributes to the anti-insect properties of lectins. Thus, 
clone 5 was used for further studies and expression in rice for large scale production 
of anti-viral protein. 
From the results of RACE, the 5' untranslated region (UTR) and 3'UTR of POL 
cDNA were examined. The 5'UTR is highly conserved while 3'UTR shows variation 
between each clone (data not shown). This could be the result of mRNAs were from 
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different members of the gene family or multiple polyadenylation sites within the 
same gene. However, taking consideration of the DNA sequencing results, more than 
5 different isoforms of POL cDNA were revealed and this result supports the 
hypothesis of the existence of a family of closely related lectin genes (Van Damme et 
al, 1991b). 
The open reading frame of POL cDNA clone 5 consists of 483bp, encoding 160 
amino acids. From its deduced amino acid sequence, a cleavage site between 29**^  and 
30th amino acid can be predicted. In comparsion with the first 25 amino acid sequence 
of native POL in Yu Chu (provided by Dr. L.S. Ooi, CUHK), this prediction is in good 
agreement with the POL protein sequence obtained by protein sequencing. Besides, 
other lectins, such as GNA, PMA，PCL, also contain signal peptide in their proprotein 
form and is cleaved in ER during protein trafficking. Due to the presence of signal 
peptide, POL is predicted to enter the secretory pathway or to be transported to 
vacuoles if other target determinants present. 
Based on the protein sequence alignment results between POL and PMA, the 
three mannose-binding subdomains of POL are predicted and imparted. Like PMA, 
only 2 out of 3 subdomains are functional and the subdomain 2 is inactive (Van 
Damme et al, 1996a). Thus, it is reasonable to presume that the mannose-binding 
affinity of PMA and POL is weaker than GNA, which has three active 
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mannose-binding sites. 
Furthermore, POL is highly homologous to PMA and PCA at both protein and 
DNA sequence levels. As these three plants belong to the same genus, thus, their 
mannose-binding lectins may originate from a common ancestor. However, it is 
surprising to find that the similarities between POL, aloe and tulip lectins are much 
lower than between POL and GNA, although Galanthus nivalis belongs to family 
Amaryllidaceae, while Polygonatum odoratum, aloe and tulip belong to family 
Liliaceae. It is noted that binding specificity of tulip lectin is complex, except the 
mannose-binding sites, it also contains a GalNAc binding site. As a result, tulip lectin 
shows lower degree of similarity to POL. 
The study on the spatial distribution of POL in Yu Chu showed that POL occurs 
in root, rhizome, fruit and seed. The expression level of POL is the highest in root. 
This finding is similar to GNA, which mainly stores in root and tuber (Van Damme 
and Peumans, 1990). 
5.2 Constitutional expression of POL in rice 
Transgenic rice plants harboring CaMV 35S promoter constructs (35S/POL and 
35S/SPPOL/POL) were obtained by Agrohacterium-mQ6\2iXQ6. transformation. More 
than three independent lines were regenerated for both constructs. The integration of 
transgenes (POL and HPT) into rice genome was confirmed by Southern blot analysis. 
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Most of the transgenic plants carried 1-3 copies of POL and 1-2 copies of HPT gene. 
Besides, POL expression was detected in rice leaves at both transcriptional and 
translational level. 
Since the constructs were under the control of constitutive promoter, rice leaves 
were collected for northern and western analysis. POL mRNA expressed by both 
constructs (35S/POL and 35S/SPPOL/POL) were detected by northern analysis and the 
mRNA size is about 800b. Theoretically, the expected size of transcripts in 35S/POL 
and 35S/SPPOL/POL construct are about 600b and 700b, without the poly A tail, 
respectively. It is possible that the poly A tail contributes 100b in length. The increase 
in size can be further investigated by sequencing the RT-PCR products, which 
obtained by using oligo dT and specific 5' primers. 
In western analysis, protein expression of POL was detected in only one 
transgenic lines of both constructs even POL mRNA expression was detected in all 
transgenic lines. This may due to degradation of protein or more likely the protein 
expressed was very low in rice leaves. A 14kDa band was detected in one transgenic 
line of these two constructs. The calculated mass of P O L and SPROL/POL are 14kDa 
and 17kDa, respectively, suggesting that the signal peptide may be cleaved in the 
3 5 S / S P P O L / P O L construct. The expression level of POL in both constructs is similar, 
0.1% and 0.2% of total extractable leaf protein for 3 5 S / P O L and 35S/SPPOL/POL 
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constructs, respectively. Transgene POL was stably inherited in Ti plants harboring 
the 35S/POL construct. The expression level of POL in To and Ti plants is more or 
less similar (Table 5-1). However, more transgenic lines are required to better estimate 
the average expression level. Since western analysis is a semi-quantitative method for 
measuring expression level, bioassay such as CPE reduction assay can be used for 
calculating the amount of bioactive POL in transgenic rice for more precise estimation. 
As rice leaves are abundant, leaf protein could be extracted and purified for anti-viral 
activity. 
Table 5-1 Summary of expression level of POL in CaMV 35S 
promoter constructs 
Construct Transgenic line Percentage of POL per total 
extractable leave protein (%) 
35S/POL 21 (To generation) 0.2% 
21-1 (Ti generation) 0.2% 
35S/SPPOL/POL 11 (To generation) 0 . 1 % 
5.3 Seed-specific expression of POL in rice 
For Gtl/SPpot/POL construct, the integration of transgene and mRNA expression 
was confirmed by Southern and northern analysis, respectively. Three transgenic rice 
were regenerated and immature seeds were collected for northern analysis. The 
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expected size of transcript is 700b, however, in northern analysis, a 800b band was 
observed. 
In the western analysis, mature rice seeds from two independent lines were 
analyzed. The deduced molecular weight of POL is 14kDa while in the presence of 
signal peptide in front of POL, the size of the resulting protein should be 17kDa. In 
the western blot analysis, two protein bands were detected: 14kDa and 17kDa, the size 
of the mature POL and most likely the POL proprotein form (POL with signal 
peptide), respectively. Protein sequencing of the 17kDa band is required to confirm 
the presence of POL proprotein form. Compared with the similar construct driven by 
CaMV35S promoter (35S/SPPOL/POL), the expression level of POL was dramatically 
higher, up to 2% of the total extractable protein by the seed-specific Gt-1 promoter. 
The high expression of POL in rice seeds may lead to a lag in the cleavage of signal 
peptide of Gtl/SPpot/POL in ER and thus the two forms of POL (mature and 
proprotein form) are detected. But, this possibility requires further study. 
Comparing the banding pattern of the two transgenic lines, the proportion of 
14kDa and 17kDa bands varies, suggesting that the efficiency of their signal peptide 
removal may be different, depending on the amounts of POL expressed. 
For the AB-POL construct, strong POL mRNA expression was detected in 
transgenic rice seeds and the size of the transcript is 2.4b. This result is in good 
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agreement with the size of glutelin and POL fusion cDNA (2447bp). 
Glutelin/POL fusion construct also led to a high protein expression in rice seeds. 
Normally, glutelin precursor will be processed into basic and acidic subunits for 
storage. When POL cDNA was inserted into the basic subunit of glutelin, the 
molecular weight of resulting fusion protein, detected by anti-POL or anti-glutelin 
antibody, was about 70kDa in western analysis, coinciding with the calculated mass of 
Gtl/POL fusion protein. This argues that the glutelin precursor was not cleaved into 
two subunits when POL was inserted into the basic subunits. This phenomenon also 
happened in transgenic rice expressing LRP and glutelin fusion protein. Cleavage of 
acidic and basic subunit occurs between the 308th and 309th amino acid of glutelin. 
POL was inserted between 1 1 a n d 120 '^' amino acids of the basic subunit, which is 
close to the subunit cleavage site. The unprocessing of glutelin/POL fusion protein 
thus may be due to an alteration in the protein conformation leading to unavailability 
of the recognition sites for the cleaving enzyme responsibles for acidic and basic 
subunits cleavage (Liu, 2002). 
By estimation, for the transgenic line with highest expression, Ig mature seed 
contains up to 3.76mg POL. Although this expression level is higher than that of the 
Gtl/SPpoiTPOL non-fusion construct, it is still much lower than the expression level 
of LRP and glutelin fusion protein in rice, which accumulated up to 27mg LRP per Ig 
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mature seed (Liu, 2002). 
In contrast, the protein targeting constructs generally showed lower protein 
expression level when compared to the Gtl/SPpoiTPOL and AB-POL constructs, even 
seed-specific promoter was used (Table 5-2). For all the three protein targeting 
constructs, mRNA expression was detected by northern blot. The size of the 
transcripts detected in POL-BP-80 and POL-a-TIP are 800bp, the size of POL 
together with the targeting determinants (BP-80 and a-TIP). For POL-RMR 
constructs, the calculated total length of POL and RMR cDNA is 1291b and a 1.5kb 
band was detected in northern analysis. 
Although POL mRNA expression was detected in all three targeting constructs, 
no protein expression was detected in the POL-RMR construct while the expression 
level of POL in POL-BP-80 and POL-a-TIP constructs ranged from 0.1%-0.4% of 
total extractable seed protein. The calculated molecular weight of BP-80 and a-TIP is 
9kDa while that of POL is 14kDa. In western blot analysis, only a 24kDa band was 
detected, similar to the size of POL/BP-80 and POL/a-TIP fusion protein. This 
suggests that POL was expressed with the targeting determinants as fusion protein and 
no cleavage between POL and targeting determinants occured. 
By analyzing the T2 seeds of POL-BP-80 and POL-a-TIP constructs, the 
transgene POL was stably inherited and fusion protein was expressed at similar level 
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as in the Ti seeds. Homozygous plants will be obtained for further analysis. 
No protein expression was detected in the Ti and T2 seeds of POL-RMR 
construct, the reason is unclear but it may relate to translational or post-translational 
processes as intact mRNA was detected. In another studies performed in our 
laboratory, RMR TMD and CT was also linked to the C-terminal of malaria-surface 
protein (MSP-1) and expressed in tobacco plants; similar results were observed in that 
only mRNA of the transgene was detected, but no protein expression (Chan, 2004). 
Among the five chimeric constructs driven by glutelin-l promoter, the highest 
expression level of POL was observed in AB-POL transgenic rice while 
Gtl/SPori/POL ranks second. For targeting constructs (POL-BP-80 and POL-a-TIP), 
the expression level was generally low, similar to that of 35S/POL and 
35S/SPPOL/POL. 
The high expression level of P O L in A B - P O L and Gtl/SPPOL/POL is probably 
due to the choice of promoter, as strong glutelin-l promoter was used instead of the 
constitutive CaMV 35S promoter. Furthermore, glutelin is the major storage protein in 
rice, accounting for 80% of total rice protein, and fusing POL with glutelin will 
further enhance the protein expression level and stabilize it from protein degradation. 
As a result, the expression level of POL in AB-POL was higher than that of 
Gtl/SPpoiTPOL. 
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When protein targeting determinants, BP-80 and a-TIP, were linked to the 
C-terminal of POL, lower expression levels of POL were observed, even though these 
two constructs contained glutelin signal peptide and were under the control of 
glutelin-1 promoter. From confocal immunofluorescence and cytolocation studies, we 
observed that POL-BP-80 and POL- a-TIP fusion protein was co-localized with 
glutelin in protein bodies II, either inside the vacuoles or on the vacuolar membrane. 
If fusion protein is localized on the membrane of vacuoles, the space to accumulate 
protein is limited in comparsion to the matrix of the vacuoles or the cytosol. It is also 
possible that if the fusion protein is targeted to the sub-compartments of protein 
bodies II，such as crystalloid, it may not be a stable and suitable environment for 
storing this fusion protein. The lower protein expression level of POL in targeting 
constructs requires further studies and analysis. 
Comparison at the mRNA and protein levels between the targeting constructs and 
other non-targeting constructs should be carried out when homozygous lines are 
obtained for detailed analysis. 
In summary, high expression level of POL was achieved in Gtl/SPpoi/POL and 
AB-POL constructs. It may be argued that Yu Chu contains large amount of POL in its 
rhizome, thus, expressing POL in rice is unnecessary. Yu Chu is a perennial plant and 
is suitable for growth in well-drained soil and cool shaded area. However, its 
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intolerance to heat and drought makes it unsuitable to grow in some countries and 
areas as compared to rice, which can grow in more geographic locations. Besides, rice 
could have two to four harvests each year while for Yu Chu, it only slowly spreads by 
rhizome to form colonies. In addition, Yu Chii's seeds take up to one year to 
germinate and a few years to grow to a good size. Furthermore, once the rhizome is 
cut off for collecting POL, the plant will die and it takes several years to replace. As a 
result, it is much cost-effective to produce POL in rice than by growing Yu Chu. 
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Table 5-2 Summary of expression level of POL in Glutelin-1 
promoter constructs 
Construct Transgenic Copy Percentage of POLI Amount of POL in 
line number of per total extractable 1 gram mature seed 
transgene seed protein (%) (mg) 
POL 
Gtl/SPpot/POL 3 1 2.00 0.414-0.437 
12 1 1.40 0.766 
POL-BP-80 B 1 0.10-0.20 0.0260-0.0656 
C 2 0.25-0.40 0.0737-0.0994 
B (T2 seed) 1 0.10-0.50 0.0291-0.105 
POL-a-TIP D 1 0.15-0.20 0.0403-0.0928 
G 3 0.20-0.40 0.0667-0.114 
I 1 0.15 0.0400-0.0521 
D(T2 seed) 1 0.10-0.20 0.0154-0.111 
AB-POL A 1 0.0590-0.0880 
B 3 2.57-3.70 
IC 2 2.64-3.76 
All rice seeds (Ti seeds) tested were from To transgenic plants, unless specified. Since 
the protein extraction buffer of AB-POL construct was different from other constructs, 
protein concentration can not be estimated by DC protein assay kit. Thus, percentage 
of POL per total extractable protein cannot be obtained. 
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5.4 Localization of POL in POL-BP-80 and POL-a-TIP 
transgenic rice seeds 
Since all the three protein targeting determinants (BP-80, a-TIP and RMR) were 
only expressed in dicot tobacco cells and plants in previous studies, a question arises 
on the proper processing of these targeting determinants in monocot rice cells and 
plants. The cytolocation studies of POL-BP-80 and POL- a-TIP, in which the protein 
was fractionated into soluble and insoluble protein (Figure 4-21 and 4-22), could 
provide some insights. 
The analysis showed that the fusion protein (24kDa), consisting of POL (14kDa) 
and targeting determinants (9kDa), was detected in insoluble fraction of the total seed 
protein, not in the soluble fraction. This showed that the fusion protein was not 
located in cytoplasm, but membrane-bounded structure. This result is reasonable as 
the targeting determinants, BP-80 and a-TIP, contain transmembrane domain (TMD) 
which is very hydrophobic. When the fusion protein passes through or enters into 
vacuole, the TMD will be trapped and remain on the membrane. As a result, fusion 
protein was only detected in insoluble fraction, where the presence of SDS will help 
to solublize the membrane-bounded protein. Another possibility is that the fusion 
protein could enter into the vacuole and the vacuole could be lysed by buffer 
containing SDS, thus, expressed protein was detected in insoluble fraction rather than 
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soluble fraction. However, the precise localization of the fusion protein is unclear at 
this juncture. Further microscopy studies and purification of organelles are required in 
order to study if the recombinant protein is localized on the membrane or stored inside 
the vacuoles. 
Results from confocal immunofluorescence studies of POL-BP-80 and 
POL-a-TIP constructs are in good agreement with the above hypotheses. In confocal 
immunofluorescence studies, aluerone and subaleurone layers of mature rice seed 
were observed. Signal from fusion proteins of POL-BP80 and POL-a-TIP construct 
were colocalized with glutelin signal. Since glutelin is stored in protein body II, 
targeting fusion proteins are expected to be localized in the same compartments. 
Surprisingly, in this study, signals from glutelin are in concentric ring shape rather 
than expected solid circle signal. This may due to the deposition of glutelin precursor 
and acidic subunit are mainly in the peripheral of the protein body 11. Further analysis 
is required for this hypothesis. Immunocytochemical electron microscopy will be 
performed to reveal the localization of fusion proteins in rice seeds and purification of 
matrix and membrane of vacuoles are required for further analysis, using anti-POL 
antibodies. 
For POL-RMR construct, since expression of POL could not be detected at 
protein level by western blot, its localization thus could not be carried out. 
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5.5 Cytopathic effect (CPE) reduction assay 
In this assay, soluble protein was extracted from Gtl/SPpoiTPOL and rhizome of 
dried Yu Chu for testing its anti-viral activity. Since virus could infect cell normally 
when cultures were incubated with the soluble protein extraction buffer, inhibitory 
effect observed would indicate anti-viral activity of the sample protein. From the 
results of CPE reduction assay, the soluble seed protein from Gtl/SPpoiTPOL 
transgenic rice showed significant effect on inhibiting virus infection in vivo. In 
comparison, the IC50 against herpes simplex virus typel (HSV-1) and respiratory 
syncytial virus (RSV) was much lower than that of influenza A virus. This indicates 
that soluble seed protein from transgenic rice has stronger activities on inhibiting 
HSV-1 and RSV virus than in influenza A virus. 
For wild type sample, no viral inhibitory effect was observed on the three viruses, 
even 1000|ig/mL soluble protein was applied on cell cultures. This suggests that the 
wild type seeds do not contain proteins that can inhibit the viral infections of HSV-1, 
RSV and influenza A virus or the activities were too low to be measured in this assay. 
Compared with the crude protein extracted from Yu Chu, the potency of protein 
extracted from transgenic rice seeds against virus was much lower. This is reasonable 
as the concentration of POL in transgenic rice seeds was much lower than that of Yu 
Chu. Another possibilities is that the crude protein from Yu Chu is comprised of a 
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group of mannose-binding proteins with similar size and specificity; but in this CPE 
reduction assay, only one POL cDNA encoding one kind of mannose-binding lectin 
was expressed in rice. As a result, the potency of rice seed protein against virus is 
lower. Lastly, each mannose-binding protein in Yu Chu may have different specific 
activities against particular kinds of virus, this leads to difference in the IC50 value 
between crude protein from Yu Chu and transgenic rice. For other constructs, protein 
should be purified for anti-viral activity test and affinity column purified POL should 
be obtained for CPE reduction assay. 
Generally, the rhizome of Yu Chu and rice are boiled before they are consumed 
by the Chinese. So, the anti-viral activity of POL in cooked rice or boiled Yu Chu 
should be tested to find if high temperature treatment will alter and affect the activity 
of POL. The effect of POL against avian flu (strain H5N1) can be tested in vitro and 
by animal feeding. 
For bacterial expressed POL, it has higher activities against the three viruses than 
the rice-derived POL because the former was purified by mannose-binding column 
while the later did not. Moreover, the protein structure of POL may have altered in 
bacterial expression system which may affect the anti-viral activity. 
This preliminary anti-viral activity assay gives us a clue that POL expressed in 
rice retains its potency against virus. This study also represents the first 
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mannose-binding lectin expressed in rice which contains anti-viral activity. Previous 
scientists only focus on the insecticidal and anti-retroviral activities of 
mannose-binding lectins. This study explores a new area of application of lectins and 
demonstrated the feasibility of rice-derived lectins against HSV-1, RSV and influenza 
A virus. 
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5.6 Future prospects 
For academic interest, the specific localization of POL in plant cells with its 
fusion targeting determinants should be determined by Transmission electron 
microscopy for a better understanding of the protein targeting effect of BP-80 and 
a-TIP in rice. Also, during molecular cloning of POL cDNA, several cDNA clones 
with similar DNA sequence were obtained and their anti-viral activity could be further 
studied. For quantitation of POL in each constructs, CPE reduction assay could be 
performed to estimate the amount of bioactive POL more precisely. 
For the downstream processing of rice-derived POL, suitable extraction method 
should be used for extracting POL from different constructs, for example, in 35S/POL 
and 35S/SPPOL/POL constructs, P O L could be extracted in soluble fraction while P O L 
in AB-POL constructs could only be extracted by buffer containing SDS, urea and 
p-mercaptoethanol. Since this strong reducing and denaturing reagent will affect the 
CPE reduction assay, detergent which can easily removed should be tested for 
extracting fusion protein. Purification procedure could also be explored through 
organelles or vacuoles isolation. Purified POL could then be used for CPE reduction 
assay and the effect of high temperature on POL should be studied. 
In order to apply this plant-derived protein, further anti-viral activity assay such 
as plaque reduction assay should be conducted by using column-purified rice protein. 
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Thus, large-scale cultivation of transgenic rice in field will be carried out. 
Furthermore, it could be used in livestock feeding to elucidate the anti-viral effect on 
avian influenza (for example, H5N1 on chicken). 
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Chapter 6 Conclusion 
In this study, POL cDNA encoding mannose-binding lectin, Polygonatum 
odoratum lectin was isolated and transformed into japonica rice (cultivar 9983) by 
Agrobactenum-mt(^\^X.t^i method. The integration of transgene in rice genome was 
confirmed by Southern blot analysis and transcription and translation of POL were 
detected by northern and western blot, respectively. 
High and stable expression of POL in rice was archieved by using glutelin-1 
promoter and fusing POL with glutelin basic subunit sequence. For the highest 
expression transgenic line harboring the AB-POL construct, up to 3.76mg POL 
protein was accumulated in Ig mature seed. Besides, POL protein was found to be 
directed to protein bodies II by targeting determinants, BP-80 and a-TIP, for storage. 
By CPE reduction assay, the plant-derived POL protein showed significant potency 
on inhibiting infection of the cells by HSV-1, RSV and influenza A virus. This study 
• first demonstrated that rice-derived POL retains its potency against virus and 
recombinant proteins are directed to specific vacuoles in rice, using the targeting 
determinants (BP-80 and a-TIP). 
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Appendix A CPE assay of transgenic and wild type plant proteins 
Sample IC50 against virus 
HSV-1 (lag/mL) RSV (|ag/mL) Flu A Og/mL) 
Crude extract from Yu Chu 6.8 25 6.25 
(1) Bacterial POL protein purified by mannose-agarose column 
pET30a/SPpoL/POL 12.5 46.8 25 
pET30a/POL 50 100 46.8 
pET30a vector - 31.3 -
(2) Soluble protein 
Wild type japonica rice - -
Gtl/SPpoL/POL line 12 125 417 >500 
Rhizome of dried Yu Chu <4.0 <7.8 11.7 
(3) Extraction buffer 
Soluble protein extraction buffer - -
The IC50 of different samples against HSV, RSV and influenza A virus was estimated 
by CPE assay. Results from crude Yu Chu protein (Ooi et al, unpublished data) and 
E.coli expressed POL (Li, 2003) were included for comparison. The soluble protein 
extraction buffer used for protein extraction did not show inhibitory effect on viral 
infection. Soluble protein extracted from rhizome of dried Yu Chu was used as 
positive control. For sample with no inhibitory effect at concentration of 500 fig/ul, 
IC50 value was indicated as “-“. 
Key: IC50 ： concentration of protein that required to inhibit viral infection by 50%; 
HSV-1: herpes simplex virus type I，strain 15577; RSV: respiratory syncytial vims, 
long strain; Flu A: influenza A vims; GH/SPPOL/POL line 12: soluble protein 
extracted from Gtl/SPpoiYPOL transgenic line 12; WT: wild type japonica rice 
(cultivar 9983); Rhizome of dried Yu Chu: soluble protein extracted from rhizome of 
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